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ABSTRACT 


The  purpose  of  this  thesis  is  to  assess  the 
importance  of  energy  resources  as  a  proportion  of  the 
total  inputs  going  into  Canadian  primary  and  manu¬ 
facturing  industries.  It  is  shown  that  measuring 
energy  requirements  by  the  direct  inputs  of  energy 
products  into  these  industries  results  in  under¬ 
estimating  energy  needs.  Thus  a  new  approach  to 
the  measurement  of  energy  resource  requirements 
was  deemed  necessary. 

The  approach  chosen  was  that  of  Input-Output 
analysis.  Using  this  technique,  a  matrix  of  ’direct 
plus  indirect  requirements  of  energy  resources  by 
Canadian  industries  was  constructed.  This  matrix 
was  then  used  to  assess  the  importance  of  the 
various  energy  resource  inputs  in  all  of  these 
industries . 
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Chapter  I 


INTRODUCTION 

BACKGROUND 

In  the  developed  countries  of  the  world 
energy  policy  is  increasingly  being  regarded  as  a 
very  important  issue.  This  is  so  because  the  rate 
of  growth  of  energy  consumption  in  these  countries 
is  rising  very  rapidly,  while,  at  the  same  time 
conservationists  are  urging  decreased  use  of  non¬ 
renewable  energy  resources.  The  concern  with  energy 
policy  is  evidenced  by  the  proliferation  of  studies 
on  this  topic  by  national  governments  and  international 
organizations . 

In  Canada  the  energy  question  is  of  particular 
importance  as  this  country  is  both  a  major  producer, 
and  user  of  many  energy  resources.  It  is  being  in¬ 
creasingly  realized  here  that  policy  decisions  which 
affect  the  sale  or  export  of  these  resources  have 
implications  far  outside  the  narrow  area  of  the 
mineral  related  industries.  In  fact,  energy  policies 
have  effects  on  almost  all  areas  of  the  national 
economy.  These  effects  must  be  accurately  measured 
if  policies  in  this  area  are  to  be  rigorously 
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formulated . 


PURPOSE 

The  purpose  of  this  thesis  is  to  fill  some 
of  the  data  gaps  in  this  area.  Thus,  it  will  explore 
and  quantify  the  usage  of  energy  as  an  input  in  Canadian 
industry  and  from  this  progress,  to  study  its  importance 
in  Canada’s  foreign  trade  in  primary  and  manufactured 
products . 

This  paper  contends  that  only  through  con¬ 
sideration  of  the  direct  and  indirect  energy  require¬ 
ments  of  industries,  in  an  interindustry  context, 
can  a  realistic  appraisal  of  the  energy  economy  be 
made.  Approaches  which  only  take  into  account 
direct  energy  use,  while  ignoring  the  indirect  element, 
cannot  provide  an  accurate  estimate  of  true  energy 
requirements  in  an  economy. 

FORMAT 

The  format  of  this  thesis  is  as  follows. 

Firstly,  a  chapter  will  be  devoted  to  an  examination 
of  Input-Output  techniques  in  general  and  then  their 
specific  application  to  the  problem  of  constructing 
an  energy  requirements  matrix.  This  table,  when 
derived,  will  give  the  'direct  and  indirect'  energy 
requirements  of  one  hundred  and  ten  industries  in  the 
Canadian  economy  for  eight  energy  resources.  The 
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next  chapter  will  make  use  of  the  data  in  that  table 
to  analyze  the  pattern  of  energy  consumption  in 
Canadian  industry.  Following  will  be  a  chapter  con¬ 
taining  suggestions  on  how  price  changes  could  be 
incorportated  in  the  framework  used.  Finally,  a 
chapter  will  be  devoted  to  examining  the  ’direct  and 
indirect  energy  requirements  of  this  country' s 
foreign  trade. 


Chapter  II 


INTRODUCTION  TO  INPUT-OUTPUT  TECHNIQUES 

Input-Output  analysis  is  a  technique  which 
focuses  primarily  on  the  structural  interdependence  of 
the  producing  or  consuming  sectors  in  an  economy.  It 
is  essentially  a  simplification  of  the  Walrasian  general 
equilibrium  system.  The  pioneering  theoretical  and 
empirical  work  in  the  field  was  undertaken  by  Leontief 
at  Harvard  in  the  1930’s.  His  original  national  model 
for  the  United  States  economy  has  been  followed  by 
similar  tables  constructed  by  many  other  countries. 

Since  the  first  model  appeared  many  new  developments 
have  taken  place  both  in  the  construction  and  use  of 
this  technique. 

The  starting  point  of  Input-Output  analysis  is 
the  setting  up  of  an  interindustry  accounting  framework. 
The  basic  table  involved  here  is  called  a  "transactions 
matrix,  and  it  covers  all  the  goods  and  services  pro¬ 
duced  in  an  economy.  It  is  distinguished  by  the  fact 
that  productive  activities  are  grouped  together  in  a 
number  of  sectors.  Each  sector  appears  in  the 
accounting  system  twice,  as  a  producer  of  outputs  and 
as  a  user  of  inputs.  The  elements  in  each  row  of  the 
table  show  the  disposition  made  of  the  output  of  that 
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sector  during  the  given  accounting  period."! 

The  interindustry  accounting  system  is  of  the 
form  outlined  in  Table  2.1. 


Table  2.1 


The  Interindustry  Accounting  System 


Purchases  from 
industry  i 


Final  Use 


Supply 

Imports  Production 


X11 

• 

• 

.  X±j 

•  xln 

• 

• 

Yl 

• 

• 

Mi 

• 

• 

X1 

Purchases  By 

• 

(Quadrant 

• 

II) 

• 

(Quadrant  I) 

• 

Industry  j 

xil 

& 

.  Xij 

.  xin 

• 

Yi 

• 

Mi 

• 

Xi 

x^i 

•  xnj 

•  xnn 

Yn 

xn 

Primary 

Inputs 

(Quadrant 

Vi  .  Vj  . 

Ill) 

vn 

(Quadrant  IV) 

V7 

V 

Total 

Production 

X±  .  Xj  . 

Y  M 

X 

Source:  Table  is  based  on  Table  2.2  of  Chenery  and 

Clark,  Interindustry  Economics,  p.  16. 


In  the  above  diagram  quadrant  I  shows  the  ’final 
use*  of  those  commodities  produced  within  the  system. 

In  this  case  it  has  been  shown  as  total  final  use  of  each 
of  those  commodities,  Yi.  Alternatively  final  use  could 


^•H.  B.  Chenery  and  Paul  G.  Clark,  Interindustry 
Economics .  (New  York:  John  Wiley  and  Sons,  Inc.,  1962), 

p.  14. 


have  been  broken  down  into  demand  categories  such  as 
Government,  Investment,  etc.  The  level  of  aggregation 
is  decided  according  to  the  use  envisioned  for  the  model. 
Qudarant  II  contains  the  heart  of  the  interindustry 
accounts.  It  consists  of  a  matrix  of  X.^j's.  Each 
element  of  the  matrix  shows  the  amount  of 

commodity  * i ’  used  by  sector  rj*  at  a  given  moment  in 
time.  These  flows  are  normally  measured  in  current 
dollar  values  of  the  same  year.  Quadrant  III  shows 
the  use  industries  make  of  primary  inputs.  These 
inputs  consist  of  factor  returns,  i.e.  wages  to  labour, 
profits,  etc.  The  elements  Vj  correspond  very  closely 
to  the  definition  of  value  added  in  each  of  these 
industries.  Quadrant  IV  contains  the  direct  inputs  of 
primary  factors  to  final  use. 

The  information  shown  in  the  matrix  [xi-j]  is 
of  a  purely  descriptive  nature.  It  does  nonetheless 
serve  a  purpose  by  providing  at  a  glance,  a  picture 
of  the  structural  interdependence  of  the  whole 
economy.  By  making  a  series  of  assumptions  however 
we  can  transform  the  simple  matrix  [Xij]  into  a 
model  which  has  valuable  analytical  uses.  These 
assumptions  as  listed  by  Chenery  and  Clark2  are: 

1.  "It  must  be  possible  to  form  the  pro¬ 
ductive  sectors  in  such  a  way  that  a  single  production 


2Ibid . .  p.  22. 


, 

n 

s. 


function  can  be  assumed  for  each  one.”  In  addition  the 


Leontief  system  requires: 

2.  "that  a  given  product  is  supplied  by  one 
sector  only 

3c  that  there  are  no  joint  products 
4.  that  the  quantity  of  each  input  used  in 
production  is  determined  entirely  by  the  level  of  out¬ 
put  of  that  sector." 

"These  assumptions  of  the  Input-Out  model  make 
it  possible  to  write  an  equation  for  the  demand  (Xfj) 
of  each  industry  *  j •  for  each  commodity  ' i *  as  a 
function  of  its  own  level  of  output  Xj.  These  input 
functions  are  assumed  to  be  linear  over  a  given  range 
of  outputs  and  hence  to  be  of  the  following  form: 

Xjj  =  Xij  +  Aij  Xj"3  (2.1) 

The  parameter  Ax  j  is  called  the  ’marginal 
input  coefficient.'  The  constant  Xfj  includes  any 
fixed  constant  element  which  does  not  vary  with  the 
level  of  output.  When  it  is  zero,  the  input  function 
becomes : 


or 


Xij  -  A  £  j  X  j 
Ai-j  = 

X 


(2.2) 


From  the  interindustry  flow  matrix  [x.j_j]  and 
the  vector  of  final  outputs  [x  j]  we  construct  a 
matrix  [Xij].  Its  elements  Afj  '  s  are  fixed  and  show  the 


Ibid . ,  p.  23. 


, 

. 


amount  of  commodity  *  i*  required  by  industry  *  j  *  per 
unit  of  its  output.  In  the  Leontief  system  this  matrix 
is  square  and  it  is  called  the  'technology  matrix.'  For 
a  '  n’  sector  model  it  would  look  like: 


^nl  *  *  *  ^nn 


Total  production  levels  and  final  demand  are  written 
respectively  as  the  column  vectors  X  and  Y. 


-  - 

X  = 

• 

• 

Y  = 

Yr 

• 

• 

• 

Yn 

- 

• 

The  product  of  the  technology  matrix  and  the  vector 
of  production  levels  form  a  new  column  vector  which 
is  the  vector  of  "intermediate  demands"  W. 

i.e.  AX  =  W  (2.4) 

Using  a  simplified  form  of  the  "balance 
equation  for  each  commodity  or  sector"  given  by 
Chenery  and  Clark4 

Xi  -  l  A-ij  Xj  =  Yi  (ifj  =  1'2  •••  n)  (2.5) 

or  in  matrix  form: 

X  -  AX  =  Y  (2.6) 

or  [i  -  A]x  =  Y  (2.7) 

This  system  can  be  solved  as  follows: 


4Ibid 


, 


■ 
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X  =  [i  -  A]_1Y 

This  solution  for  a  two  industry  case  would  look 

like 


Xl 

rll 

r  12 

Y1 

*2 

r  21 

r  22 

y2 

where  the  r-j_j's  are  elements  of  the  inverse  matrix. 
Each  r-j_j  shows  the  amount  of*  commodity  i  that  must  be 
produced  to  satisfy  a  final  demand  of  1.0  in  sector 

This  matrix  [l  -  Aj  1  is  our  interdependence 
matrix  or  our  table  of 'direct  plus  indirect’ effects . 
The  matrix  solution  although  it  is  the  most  efficient 
tends  to  blur  the  economic  interactions  which  lie 
behind  the  system. 

Miernyk  describes  the  matrix  as  a  table 

which  "shows  the  total  expansion  of  output  in  all 

industries  as  a  result  of  the  delivery  of  one  dollar's 

worth  of  output  outside  the  processing  sector  by  each 
f) 

industry."  He  goes  on  to  show  how  this  table  could 
be  alternatively  derived  using  a  process  of  iteration. 
This  procedure  throws  a  lot  of  light  on  the  economic 
interpretation  of  the  matrix  of  'direct  plus  indirect* 
effects.  The  following  hypothetical  input-coefficient 
table  will  be  used  to  illustrate  the  method. 

W.  H.  Miernyk,  The  Elements  of  Input-Output 
Analysis .  (Random  House,  1965). 

6Ibid . ,  p.  24. 
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Table  2.2 

Hypothetical  Transactions  Table 


A 

B 

C 

D 

E 

F 

A 

3$ 

7$ 

16$ 

13$ 

8$ 

17$ 

B 

11$ 

26$ 

7$ 

8$ 

7$ 

2$ 

C 

18$ 

4$ 

21$ 

3$ 

18$ 

5$ 

D 

15$ 

2$ 

21$ 

5$ 

3$ 

21$ 

E 

5$ 

0 

8$ 

0 

8$ 

16$ 

F 

13$ 

11$ 

13$ 

3$ 

18$ 

9$ 

Using  the  above  table  the  total  effect  of  a  one  dollar 
increase  in  final  demand  for  the  output  of  one  industry 
will  be  traced  through  the  system.  Assume  for  example 
that  the  increase  in  final  demand  is  for  the  products 
of  industry  B.  This  one  dollar  increase  in  final 
demand  will  increase  intraindustry  transactions  by 
26$.  Thus  the  gross  output  of  industry  3  will  increase 
by  at  least  $1.26.  But  when  the  output  of  industry  B 
increases,  the  firms  in  this  industry  will  step  up 
their  purchases  from  industry  C.  Sales  from  industry 
C  to  industry  B  will  go  up  an  additional  5$  ($1.26  x  .04) 
as  a  result  of  the  increased  activity  in  industry  B. 
Similarly,  sales  from  industry  D  to  B  will  increase 
by  2.3 $  and  so  on  down  column  2  of  table  2.2. 

The  indirect  effects  do  not  stop  here.  When 
industry  C  expands  its  production  because  of  an  increase 


■ 
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in  final  demand  for  commodity  B,  the  increased  demand 
thus  generated  will  be  felt  by  C's  suppliers.  So  on 
for  the  other  industries  which  supply  B.  The  cal¬ 
culations  above  could  be  repeated  to  include  each 
industry  in  the  processing  sector.  Then,  by  adding 
up  all  the  figures  a  table  would  gradually  be  built 
up  which  would  show  the  total  requirements,  direct 
and  indirect,  resulting  from  the  delivery  of  one 
dollar's  worth  of  the  products  of  each  industry  in 
the  processing  sector  to  the  final  use  sector.  Such 
a  table  is  of  course  equivalent  to  inverting  the 
[I  -  A]  matrix. 

THE  1961  CANADIAN  MODEL7 

The  latest  Canadian  Input-Output  table  has 
some  features  which  do  not  correspond  to  the  general 
models  outlined  above.  For  example,  both  the  inputs 
and  outputs  of  industries  are  classified  in  two  ways, 

(a)  according  to  the  producing  or  using  industry  and 

(b)  according  to  the  commodity  produced  or  used. 
Furthermore,  in  the  new  system  the  number  of  commodities 
is  greater  than  the  number  of  industries.  Hence  the 
one  to  one  correspondence  between  industries  and  their 
principal  product  does  not  exist.  Instead  the 

Canada,  Dominion  Bureau  of  Statistics,  The 
Input-Output  Structure  of  the  Canadian  Economy,.  1961  f 

(Ottawa:  Queen's  Printer,  1969). 


, 

* 


■ 


12 


characteristic  product  of  each  industry  is  often 

subdivided  into  several  commodities.  As  a  result 

the  tables  showing  the  outputs  and  intermediate  inputs 

of  industries  are  rectangular  rather  than  square. 

Models  of  this  particular  structure  involve 

two  sets  of  assumptions.  "The  first  has  the  function 

of  allocating  the  production  of  commodities  among 

industries.  The  second  establishes  the  production 

functions  of  industries,  which  in  turn  determine  the 

requirements  of  industries  for  commodity  inputs. 

These  assumptions,  in  conjunction  with' the  accounting 

balance  between  total  demand  less  imports  of  competing 

products  and  domestic  production,  establish  input-output 

models  in  which  outputs  are  determined  as  a  function 

of  final  demand  less  imports."^ 

The  notation  used  is  a  follows: 

e  is  a  vector  of  final  demand  less  imports 
of  competing  commodities 

q  is  a  vector  of  commodity  outputs 

g  is  a  vector  of  industry  outputs 

B  is  the  ’technology  matrix’ 

D  is  the  market  share  matrix.  It  is  based  on 
the  assumption  that  industries  will  pre¬ 
serve  their  share  of  the  market  for  each 
commodity,  regardless  of  the  levels  of 
commodity  production. 

The  solutions  to  the  model  are: 

8Ibid . ,  Vol .  I,  p.  137. 
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q  =  [i  -  BD]"1  e/  (2.10) 

and  g  =  [i  -  Db]_1  De  (2.11) 

These  two  expressions  define  linear  transformations 
of  final  demand  less  imports,  into  commodity  output 
in  the  case  of  equation  (2.10),  and  into  industry 
outputs  in  the  case  of  equation  (2.11). 

In  the  model  so  far  'competing  imports’  are 
treated  as  exogenous  and  ' non- competing  imports'  as 
being  determined  endogenous.  That  is,  the  latter 

are  determined  by  the  levels  of  industry  outputs  when 
they  are  used  by  industries,  or  are  prespecified  as 
part  of  final  demand  when  they  are  used  for  final 
purposes.  However  in  some  of  the  impact  tables 
published,  all  imports  are  treated  as  endogenous 
A  brief  description  of  these  tables,  which  are  called 
'impact  tables  with  import  leakages,'  will  now  be 
presented. 

The  way  in  which  imports  are  made  endogenous 
is  in  fact  quite  simple.  It  is  assumed  that  such  imports 
form  a  stable  proportion  of  the  total  supply  of  each 
commodity.  This  is  expressed  as 


M  =  U  (q  +  M) 


(2.12) 


where  the  vector  M  represents  competing  imports,  U 
is  a  diagonal  matrix  of  coefficients  whose  elements 
are  computed  as  the  ratio  of  competing  imports  to 
total  supply  for  each  commodity,  q  is  the  vector  of 
total  commodity  outputs.  The  vector  sum  (q  +  M) 
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represents  therefore  the  values  of  total  supply  of 
commodities . 

A  new  market  share  matrix  and  a  vector  of 
final  demand  are  now  defined  and  used  to  replace  D 
and  e  in  the  solution  given  by  equation  (2.11).  The 
solution  then  becomes: 

g  =  [i  -  D*B]"1  D*e*  (2.13) 

where  D*  =  D[l  -  u]  (2.14) 

and  e*=e+M  (2.15) 

In  equation  (2.13)  D*  or  D[l-u]  is  the  new 
market-share  matrix  for  which  the  market-share  co¬ 
efficients  of  industries  are  calculated  as  a  proportion 
of  the  total  supply  of  each  commodity,  rather  than  as 
a  proportion  of  the  domestic  production  of  that 
commodity. 

In  the  sections  that  follow  only  the  impact 
table  without  import  leakages  will  be  used.  The 
operations  described  in  the  following  section  were, 
however,  applied  to  both  impact  tables.  Thus  while 
data  was  available,  calculated  on  the  basis  of  the 
impact  table  with  import  leakages  it  was  decided 
not  to  include  it  in  this  paper. 

METHOD  OF  THE  STUDY 

The  Energy  Input-Output  Table 

and  Its  Limitations 

An  energy  Input-Output  table  is  a  matrix  which 


consists  of  coefficients  which  show  the  'direct  and 


- 


indirect*  requirements  of  specified  energy  resources 
by  a  set  of  industries.  Such  a  table  is  not  a  self- 
contained  unit  in  the  sense  that  it  could  be  con¬ 
structed  in  isolation.  It  must,  in  fact,  be  derived 
in  some  way  from  an  input-output  model  for  the  whole 
economy  in  question.  The  complete  model  is  necessary 
as  it  is  precisely  the  flows  of  commodities,  embodying 
energy,  between  the  total  of  all  industries  in  an 
economy  that  gives  us  the  complete  picture  of  energy 
requirements.  These  transactions  only  appear  when  the 
whole  interindustry  matrix  is  inverted. 

The  quality  of  any  energy  table  produced  is 
thus  obviously  dependent  on  the  standard  of  the  over¬ 
all  models  existing  for  the  economy  in  question.  One 
of  the  most  desirable  qualities  in  any  input-output 
model  is  up-to-date  coefficients.  This  depends,  of 
course,  on  how  often  the  interindustry  data  is  re¬ 
viewed.  The  ideal  situation  would  be  one  in  which 
the  coefficients  were  revised  on  the  basis  of  annually 
collected  industry  data.  Such  a  procedure  is  unlikely 
to  be  followed  anywhere  due  both  to  the  cost  and  time 
involved  in  adjusting  such  coefficients.  This  latter 
constraint  is,  however,  becoming  less  strict  as  data 
processing  becomes  more  computerized. 

Another  desirable  quality  of  an  input-output 
model  in  relation  to  energy  would  be  some  method  of 
differentiating  between  the  use  of  an  energy  resource 
as  feedstock  and  as  a  source  of  power.  This  separation 


- 
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is  important  since  that  quantity  of  the  resource  used 
as  feedstock  is  less  easily  replaced  by  another 
'energy  resource,’  than  that  used  for  power.  Some 
of  the  difficulties  here  could,  of  course,  be  removed 
by  using  more  disaggregated  input-output  models.  For 
example,  ’coal’  could  be  divided  into  various  sub¬ 
categories,  some  of  which  are  obviously  feedstock  and 
some  sources  of  energy.  In  other  cases,  however,  the 
solution  is  not  so  simple.  Natural  gas,  for  example, 
could  be  used  by  a  chemical  plant  both  as  a  feedstock 
and  as  a  source  of  heat.  No  indication  of  which  use 
would  be  given  by  the  flow  of  natural  gas  from  the 
•gas’  industry  to  the  chemical  industry. 

The  data  available  for  this  study  had  some 
specific  limitations.  Instead  of  regularly  revised 
coefficients,  the  data  was  based  on  observations  for 
only  one  year.,  1961.  Using  this  information  means 
that  coefficients  which  describe  the  industrial 
structure  of  1961  are  being  used  to  approximate  the 
current  economic  structure.  This  may  be  a  fairly  weak 
approximation  given  the  great  deal  of  technological 
advance  made  during  the  last  eleven  years. 

The  energy  field  is  one  area  in  which  there 
has  been  considerable  technological  change .  This 
has  resulted  in  substitution  among  some  energy  sources. 
The  extent  of  this  substitution,  which  is  virtually 
ignored  in  this  paper,  is  illustrated  in  the  following 


17 

table  which  shows  the  changing  pattern  of  energy 
consumption  in  Canadian  Manufacturing  industry. 

Table  2.3 


Relative  Importance  of  Various  Energy  Sources 
in  Canadian  Manufacturing  Industry 


1965 

1967 

1969 

Gasoline 

7.05 

6.85 

6.70 

Fuel  Oil 

20.03 

20.85 

19.00 

Liquid  Petr  ole 'am  Gas 

.74 

.84 

1.00 

Natural  Gas 

9.84 

12.39 

14.68 

Electricity 

43.33 

43.90 

46.28 

Other 

19.11 

15.17 

12.34 

Total 

100.00 

100.00 

100.00 

Source:  Calculated  from  Dominion  Bureau  of  Statis¬ 

tics,  "Energy  Statistics-Service  Bulletin."  Various  Issues. 

The  changes  in  relative  importance  of  different  energy 
resources,  which  can  be  seen  in  the  above  table,  were 
caused  partly  by  price  differentials  changing  over 
time  and  partly  by  a  technological  trend  in  favour 
of  cleaner  and  more  efficient  fuels. 

Sources  and  Method  for  the  Construction 

of  the  Energy  Input-Output  Table 

The 'direct  plus  indirect'  energy  coefficients 
required  by  this  paper  were  not  to  be  found  in  any  of 
the  Input-Output  tables  published  by  the  Dominion 


' 
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Bureau  of  Statistics.0  It  was,  however,  possible  to 
derive  them  using  data  contained  in  these  tables. 

One  method  by  which  they  could  be  calculated 
would  be  to  premultiply  the  110  x  197  impact  table9 10 
by  the  eight  selected  energy  rows  from  the  197  x  110 
input-coefficient  table.11 12  This  would  not,  however, 
directly  give  the  coefficients  required  by  this  paper, 
namely  coefficients  showing  the  ’direct  plus  indirect* 
energy  required  by  the  110  industries.  Rather,  it 
would  give  coefficients  which  show  the  energy  content 
of  197  commodities  produced  by  these  industries. 

However,  having  derived  this  8  x  197  commodity  matrix, 
it  would  be  theoretically  possible  to  consolidate  it 
into  a  8  x  110  industry  matrix  by  using  market  share 
coefficients  similar  to  those  provided  for  aggregation  S. 
Statistics  Canada  will  not,  however,  provide  such  a 
table  at  this  level  of  aggregation  as  they  claim  it 
would  constitute  a  breach  of  confidentiality.  This 
is  so  because  in  some  industries  there  are  only  a 
very  few  firms  and  detailed  information  on  these 
industries  would,  in  fact,  involve  supplying  information 
on  specific  firms. 


9Ibid . .  Vol .  II. 

1QIbid . ,  Vol.  II,  Table  15. 

i:LIbid. ,  Table  14. 

12 


Ibid.,  Vol.  I,  Table  4. 
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Another  method,  and  this  is  the  one  actually  used 
in  this  study,  relies  on  unpublished  information.  This 
became  possible  when  it  was  found  that  a  110  x  110  flow 
table  was  obtainable  on  data  tape  from  Statistics  Canada. 
This  table  is  simply  an  alternative  aggregation  of  the 
data  published  in  the  1969  study.  From  this  table  an 
input-coefficient  table  was  constructed  and  then  the 
corresponding  impact  or  \\  -  A^j  ^  was  calculated.  By 
premultiplying  this  by  the  8  x  110  energy  input  matrix 
the  required  industry  table  was  obtained. 

In  actuality,  two  input-output  tables  were 
obtained  from  Statistics  Canada.  In  one  of  these 
competing  imports  were  treated  as  exogenous  whereas  in 
the  other  they  were  endogenous.  These  two  matrices 
resulted  in  impact  tables  respectively  without  and  with 
import  leakages.  Since  the  operations  involved  in 
constructing  an  energy  impact  table  either  with  or  without 
import  leakages  are  the  same,  in  the  following  they 
will  be  treated  as  one.  Except  where  specifically  noted 
the  table  used  in  the  following  is  that  in  which  competing 
imports  are  treated  as  exogenous . 

What  follows  is  an  attempt  to  outline  in  more 
detail  the  procedures  described  in  the  previous  two 
paragraphs.  It  must  be  remembered  that  the  notation 
used  in  the  following  is  a  simplified  version  of  that 
involved  in  the  Canadian  table. 

The  matrix  [i  -  A^_1  110  x  110  is  an  impact 
table  or  a  table  of  interdependency  coefficients.  Each 
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element  of  this  matrix,  which  will  be  denoted  by  (r^j) 
shows  the  amount  of  commodity  i  required  directly  and 
indirectly  to  satisfy  a  final  demand  of  1  unit  in 
sector  j. 


The  matrix  E  8  x  110  is  a  table  of  direct 
energy  coefficients.  It  consists  of  eight  rows 
extracted  from  table  14  of  the  '’Input -Output  Structure 
of  the  Canadian  Economy."  Each  element  of  this  (E^.j) 
shows  the  amount  of  a  specific  energy  resource  required 
directly  by  sector  j  per  unit  of  output. 

Now  when  the  £l  -  a]  ^  110  x  110  matrix  is 
premultiplied  by  the  S  8  x  110  matrix  the  result  is 
the  product  matrix  P  8x  110.  Each  element  of  this 
(P^j)  shows  the  amount  of  the  particular  energy  resource 


fk*  required  directly  and  indirectly  to  meet  a  final 
demand  of  one  unit  in  industry  *  j .  ’ 

A  simplified  example  will  illustrate  what  occurs 
in  these  matrix  operations.  Using  just  two  energy 
resources,  coal  (c)  and  natural  gas  (n) ,  and  a  four 
commodity  by  four  industry  impact  table,  a  sample  result 
will  be  derived.  In  matrix  terms  the  operation  is 
expressed,  as  follows: 


E  .  R  =  P 


(2.16) 


However,  in  the  more  expanded  form  this  appears  as: 


- 
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cl 

ec2 

ec3 

Ec4 

nl 

En2 

En3 

En4 

rll 

r12 

r13 

r14 

r21 

•  r22 

r23 

r24 

r3l 

r32 

r33 

U) 

r4l 

r42 

r43 

r44 

Pci 

Pc  2 

Pc3 

pc4 

Pnl 

Pn2 

Pn3 

Pn4 

Taking  as  an  example  one  element  from  the  p  matrix  and 
expanding  it 


Pci  =  Ecl  rll  +  ec2  r21  +  ec3  r31  +  ec4  r41 
Now  in  this  expression: 

Eci  shows  the  amount  of  coal  required  to  produce 
one  unit  of  output  of  sector  i,  i  =  1***4 

r-^  is  the  amount  of  the  output  of  each  industry 
i,  i  =  1,#,4  required  directly  and  in¬ 
directly  to  meet  a  final  demand  of  one 
unit  in  sector  1. 

The  product  of  these  two  expressions  Ecj_  r^,  which 
is  equivalent  to  pcj_,  then  obviously  shows  the  amount 
of  coal  required  directly  and  indirectly  to  meet  a 
final  demand  of  one  unit  in  sector  1. 

11° 

In  the  more  general  case  the  sum  £  Ecj_  rj_j  is 
calculated  for  each  j,  j  =  1***110.  This  produces  a 
set  of  "direct  plus  indirect’  coal  requirement  coefficients 
for  the  110  industries.  When  similar  coefficients  are 
calculated  for  the  other  energy  resources  an  8  x  110 
energy  impact  table  is  eventually  arrived  at.  The 
above  operations  are  not  done  separately  but  are 
completed  automatically  in  the  matrix  operation  E.R. 


' 
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Having  explained  in  this  chapter  how  the  energy 
requirements  matrix  was  produced  and  what  its  limitations 
are,  the  following  chapters  will  make  use  of  the  data 
generated  to  analyze  the  various  aspects  of  energy  use 
in  the  Canadian  economy. 

The  technique  outlined  above  is  similar  to  that 
used  in  estimating  the  direct  plus  indirect  requirements 
of  primary  inputs  such  as  labour  or  water.  However, 

the  resources  under  study  in  this  paper  have  industries, 
in  the  110  x  110  inverse,  associated  with  their  production. 
This  means  that  they  are  not  entirely  primary  inputs  to 
the  system.  As  a  result  errors  exist  in  the  case  of  some 
of  the  estimated  energy  requirement  coefficients.  The 
estimates  concerned  are  those  for  the  energy  producing 
industries  themselves.  The  'direct  plus  indirect' 
requirements  of  these  industries,  for  those  energy 
resources  which  they  produce  themselves,  are  consistently 
underestimated.  The  coefficients  which  in  fact  emerge 
in  these  cases  show  only  the  indirect  requirements. 

That  is,  they  do  not  include  the  amount,  equal  to  unity, 
which  is  required  by  these  industries  directly  to  meet  a 
unit  increase  in  final  demand  for  their  own  output. 

For  example  the  estimated  amount  of  coal  required, 
directly  and  indirectly,  by  the  coal  industry  to  meet  a 


P.  Zusman  and  I.  Hoch,  Resource  and  Capital 
Requirements  for  the  California  Economy . 
(California:  Giannini  Foundation  of  Agricultural 
Economics  1965) . 
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final  demand  of  $1  is  shown  as  $.087085  whereas  in  fact 
it  should  be  $1.087085. 

For  the  estimation  procedure  to  be  valid  in  all 
cases  the  four  energy  industries  would  have  to  be  extracted 
from  the  110  x  110  inverse  matrix.  This  method  was  not 
followed  as  it  would  have  involved  much  more  resources  and 
time  than  were  available  for  this  paper.  None  of  this 
however  affects  the  validity  of  the  'direct  plus  indirect' 
coefficients  estimated  for  the  106  non-energy  industries. 
These  still  remain  good  estimates. 


.  Chapter  III 

ENERGY  IN  THE  NATIONAL  ECONOMY 

INTRODUCTION 

In  this  chapter  a  detailed  analysis  will  be 
made  of  the  pattern  of  energy  use  in  the  Canadian 
economy.  This  will  be  accomplished  using  the  data 
generated  by  the  methods  outlined  in  Chapter  n, 
together  with  information  directly  available  from 
the  1961  Canadian  Input-Output  table. ^  The  focus 
of  this  study  will  be  on  energy  as  a  input  into  the 
productive  process,  rather  than  as  an  end-product 
commodity.  Consideration  will  be  given  both  to  the 
aggregate  energy  input  and  to  the  individual  energy 
resources  which  make  up  this  total.  This  study  will 
go  further  than  a  previous  one^  in  that  the  indirect 
energy  consumed  by  industries  will  also  be  included 
in  the  measure  of  energy  intensity.  By  using  this 
approach  a  more  complete  picture  of  energy  in  the 
economy  will  be  presented. 

1Ibid . ,  Vol .  II,  Tables  13  and  14. 

o  . 

^Douglas  H.  Younie,  Factors  Affecting  the  Location 
of  Energy  Intensive  Industries.  (M.A.  Thesis,  unpublished; 
University  of  Alberta,  Faculty  of  Graduate  Studies  and 

Research,  1972). 
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The  plan  of  the  chapter  will  be  as  follows. 
Firstly,  a  definition  of  energy  content  will  be  given, 
and  then  the  eight  energy  resources  included  in  this 
definition  will  be  described.  Following  this  a  study 
of  the  aggregate  energy  contents  of  the  110  ’industries' 
will  be  presented  and  the  implications  of  including 
indirect  energy  use  in  this  measure  explored.  Then 
the  pattern  of  use,  both  direct  and  indirect,  of  the 
individual  energy  resources  will  be  examined  in 
detail.  It  will  be  shown  that,  in  many  cases,  large 
indirect  consumption  of  energy  by  particular  industries 
can  be  explained  in  terms  of  strong  backward  links 
from  these  to  a  few  industries  which  are  particularly 
heavy  direct  users  of  energy. 

ENERGY  INTENSITY  AND  THE  ENERGY 
RESOURCES  DEFINED 

For  the  purpose  of  this  study  'energy  content' 
is  measured  as  the  dollar  value  of  the  eight  energy 
resources  going  into  any  industry  per  unit  of  that 
industry's  output.  There  are  two  definitions  of 
energy  content  used  in  this  chapter.  The  first, 

‘Direct  Energy  Content'  (DE)  consists  of  the  value 
of  these  resources  going  into  any  industry  as  a  direct 

O 

For  a  definition  of  backward  linkages  see: 

0 .  Hirschmann ,  The  Strategy  of  Economic  Development , 

(New  Haven:  Yale  University  Press,  1965),  p.  201. 
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material  input*  The  second,  *  direct  plus  indirect 
energy  content’  (DIE)  includes  in  addition  to  this  the 
amount  of  these  resources  going  into  the  industry 
indirectly  through  being  embodied  in  purchased,  processed 
or  fabricated  material  and  non-material  inputs. 

The  use  of  dollar  values  instead  of  some 
physical  measure  such  as  British  Thermal  Units  (B.T.U.) 
has  its  advantages  and  disadvantages.  The  principal 
advantage  is  that  by  using  dollar  values  energy  is 
put  on  a  basis  comparable  with  any  other  input,  such 
as  labour  or  capital.  The  main  disadvantage  is  that 
the  important  elements  of  fuel  efficiency  and  price 
differences  are  being  ignored.  For  example,  $1  each 
worth  of  petroleum,  natural  gas  and  electric  power 
might  not  provide  the  same  amount  of  B.T.U.’s  as, 
say,  $3*s  worth  of  electric  power.  However,  in  this 
study  the  only  recorded  fact  is  that  $3*s  worth  of 
fuel  was  consumed. 

In  any  discussion  of  energy  a  problem  arises 
over  what  constitutes  an  energy  resource.  Ideally 
it  is  claimed,  only  fuels  should  be  included  in  this 
set.  However,  given  limitations  of  data  it  is  not 
always  possible  to  isolate  fuels  from  feedstock.  This 
is  so  because  a  given  energy  resource  might  provide 
the  two  functions  at  the  same  time.  A  good  example 
of  this  in  the  present  situation  is  Natural  Gas.  This 
resource  may  provide  feedstock  and  heating  to  a  chemical 
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plant  with  no  indication  in  the  data  of  what  proportion 
of  the  gas  consumed  is  used  for  which  function. 

In  choosing  the  energy  resources  for  this 
study,  all  resources  were  included  which  possessed 
any  fuel  properties.  Although  this  meant  including 
resources  whose  prime  use  was  as  feedstock,  this 
strategy  was  deemed  acceptable  in  order  that  no  fuel 
whatever  in  use  would  be  excluded.  Another  consideration 
which  led  to  the  inclusion  of  these  resources  is  that 
they  are  often  produced  as  joint  products  with  fuels, 
and  hence  any  changes  in  the  demand  for  them  could 
result  in  altered  production  and  prices  for  these 
fuels. 

As  a  result  of  this  reasoning,  eight  resources 
were  selected  from  the  D.B.S.  197  Input-Output 
commodity  classification  and  these  were  defined  as 
the  energy  resources.  These  eight  resources  are  listed 
in  Table  3.1  and  there  follows  a  description  of  the 
energy  resources,  and  then  their  energy  character¬ 
istics  will  be  examined. 

Coal .  This  is  a  fossil  fuel  and  is  used 
industrially  both  as  a  fuel  and  as  a  raw  material. 

It  is  impossible  to  separate  its  two  functions  at  the 
level  of  aggregation  used  in  this  study. 

Natural  Gas.  This  resource  also  serves  two 
functions  in  production.  It  is  used  as  fuel  both 
directly  and  through  conversion  to  electricity.  Some 
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Table  3 . 1 


The  Energy  Resources 


D.B.S.  # 

Name 

16 

Coal 

17 

Crude  Mineral  Oil 

18 

Natural  Gas 

152 

Gasoline 

153 

Fuel  Oil 

154 

Lube  Oil  and  Grease 

155 

Other  Petro] eum  Products 

184 

Electric  Power 

Source :  selected  from  list  of  197  commodities 

in.  Bureau  of  Statistics,  The  Input-Output  Structure 
of  the  Canadian  Economy.  1961.  Vol.  I,  pp.  251-261. 

chemical  industries  use  it  as  a  feedstock. 

Crude  Mineral  Oil.  This  is  the  least  processed 
of  the  petroleum  products.  The  main  consumer  of  this 
resource  is  the  petroleum  products  industry  where  it 
serves  as  feedstock  but  also  has  some  fuel  uses. 

Gasoline .  This  serves  almost  solely  as  a 
fuel  providing  motive  power  through  internal  com¬ 
bustion  engines. 

Fuel  Oil.  As  its  name  indicates,  its  use  is 
primarily  as  a  fuel.  It  includes  diesel  oil  and  oils 
used  for  heating  purposes. 
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Lube  Oil  and  Grease.  This  is  a  petroleum 


product  used  by  industry  for  lubrication  purposes. 

Othe r  Petroleum  P  r  od  uc  t  s  .  This  includes  such 
various  commodities  as  petroleum  wax  and  liquified 
petroleum  gases.  These  latter  are  used  for  power 
and  feedstock. 

Electricity.  This  is  a  produced  energy  source 
and  is  produced  either  by  hydro  or  thermal  generation. 
It  is  the  most  flexible  of  all  the  energy  sources  and 
that  probably  accounts  for  its  widespread  industrial 
use.  It  provides  both  motive  and  thermal  power  and 
is  used  as  a  feedstock  in  some  electro-process 
industries . 

DIRECT  AND  INDIRECT  TOTAL  ENERGY  USE 
BY  SECTORS  AND  INDUSTRIES 

In  this  section  the  total  energy  content  of 
the  110  industries  is  discussed.  The  data  on  which 
this  discussion  is  based  is  set  out  in  detail  in  Table 
A.l  in  the  Appendix.  From  this  table  the  industries 
which  are  energy  intensive  with  respect  to  'direct 
plus  indirect?  use  are  selected.  Rather  than  choosing 
some  arbitrary  cut-off  point  in  order  to  define  the 
energy  intensive  industries,  such  as,  say  10<fc  worth 
of  energy  per  dollar  of  output,  it  was  decided  instead 
to  concentrate  on  the  top  twenty  most  energy  intensive 
industries.  This  has  been  done  in  order  to  facilitate 
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a  comparison  between  two  sets  of  industries.  The 
first  set  consists  of  the  twenty  industries  with  the 
greatest  direct  energy  content  among  the  110.  The 
other  is  composed  of  those  with  the  highest  direct 
plus  indirect  energy  content.  These  two  sets  of 
industries  are  set  out  respectively  in  Tables  3.2  and 
3.3.  The  key  to  these  two  tables  is,  P  =  Primary, 

P.M  =  Primary  Manufacturing,  and  S.M  =  Secondary 
Manufacturing . 

Sector  Differences  Examined 

On  comparing  these  two  tables,  a  few  interesting 
points  emerge  immediately.  Firstly,  the  average 
energy  intensity  of  the  twenty  industries  is  far 
greater  for  the  second  group.  Also  there  are  noticeable 
differences  in  the  industries  included  and  the  sectors 
represented  in  the  two  groups. 

First  of  all,  the  average  energy  intensity 
of  the  industries  in  Table  3.3  is  14.9#  while  that 
of  those  in  Table  3.2  is  9.5#.  This  difference  is, 
however,  much  greater  if  we  exclude  the  top  two  industries 
which  are  extremely  heavy  direct  users  of  energy  for 
feedstock.  The  figures  then  become  respectively 
11.5#  and  5.5#.  The  industries  in  Table  3.3  are  thus 
on  average  more  than  twice  as  energy  intensive  as 
those  in  Table  3.2. 

Also  it  is  noticeable  that  the  primary  sector 
has  lost  its  importance  when  the  top  twenty  industries 
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Table  3.2 


Top  Twenty  Direct  Energy  Users 


Industry 

Sector 

Direct  Energy  Input  per  $ 
of  Output  of  the  Industry 

Petroleum  Products  Ind. 

P.M 

60.0* 

Utilities 

T 

20.2* 

Cement  and  Lime  Mfg. 

P.M 

11.3 

Oth.  Chemical  Ind. 

S  ,M 

.  10.4 

Iron  and  Steel  Mills 

P.M 

9.0 

Asphalt  Roofing 

3.M 

7.9 

Ao-Non-Metal  Mines 

P 

6.9 

Oth.  Non-Metal  Min. 

P 

6.1 

Pulp  and  Paper  Mills 

P.M 

6.0 

Agriculture 

P 

5.8 

Clay  Stone  and  Refrac. 

P  .M 

5.7 

Coal  Mines 

P 

5.7 

Oth.  Metal  Mines 

P 

5.6 

Fishing  and  Hunting 

P 

4.7 

Plastic  Resin  Mfg. 

S  .M 

4.6 

Transport  and  Storage 

T 

4.4 

Oth.  Wood  Ind. 

S.M 

4.3 

Asbestos  Mines 

P 

4.3 

Iron  Mines 

P 

4.0 

Wholesale  and  Retail 

Average 

T 

9 . 5$ 

3.1 

Source:  Calculated  from  Dominion  Bureau  of 

Statistics,  The  Input -Output  Structure  of  the  Canadian 

Economy.  1961.  Vol.  II,  Table  13. 
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Table  3.3 


Top  Twenty  Direct  Plus  Indirect  Energy  Users 


Direct  +  Indirect 

Energy 

Industry 

Sector 

Required  per  $  of 
Demand 

Final 

Petroleum  Products  Ind 

.  P  .M 

65 . 5$ 

Utilities 

T 

25.9$ 

Other  Chemical  Inds. 

S  .M 

19.4 

Asphalt  Roofing 

S  .M 

16.9 

Cement  and  Lime  Mfg. 

P.M 

16.2 

Iron  and  Steel  Mills 

P  .M 

14.7 

Plastic  Resin  Mfg. 

3  .M 

13.8 

AO.  Non-Metal  Mines 

P 

12.5 

Agriculture 

P 

12.4 

Oth.  Non-Metal  Min. 

•Q 

12.1 

Paint  and  Varnish 

S  .M 

11.7 

Veg.  Oil  Mills 

S  .M 

11.6 

Pulp  and  Paper  Mills 

P.M 

11.5 

Clay,  Stone  and  Refrac 

.  P.M 

11.3 

Leaf  Tobacco  Proc. 

P  .M 

11.0 

Dairy  Factories 

P  .M 

10.9 

Steel  Pipe  and  Tube 

S.M 

10.4 

Flour  Mills 

P.M 

10.2 

Other  Wood  Ind. 

P.M 

10.0 

Meat  Processing 

P.M 

9.7 

Average 

14.9$ 

Source:  Table 

A.l  in  Appendix. 

. 

. 

are  respecified  to  include  those  with  the  highest 
'direct  plus  indirect?  energy  content.  The  number  of 
secondary  and  primary  manufacturing  industries  in  the 
group  has  increased.  This  has  happened  due  to  the 
inclusion  of  indirect  energy  content  which  is  a 
function  of  (a)  the  proportion  of  total  inputs  of  an 
industry  coming  from  other  industries  in  the  system, 
and  (b)  the  energy  content  of  these  intermediate 
input  industries.  In  the  case  of  the  primary  industries, 
backward  linkages  are  generally  weaker  than  in  the 
secondary  and  primary  manufacturing  industries.  Thus, 
unless  these  industries  are  linked  to  some  few  very 
energy  intensive  input  industries,  indirect  energy 
consumption  would  be  below  average,  causing  the 
primary  industries  to  be  omitted  from  the  top  ranking 
when  direct  plus  indirect  energy  content  is  used  as 
the  measure  of  energy  intensity. 

Industry  Differentials  Examined 

An  interesting  subset  of  the  industries  in 
Table  3.3  is  the  set  of  those  which  did  not  rank  in 
the  top  twenty  when  only  direct  energy  content  was 
considered.  These  are  the  industries  which  now  have 
significant  energy  contents  due  to  the  inclusion  of 
the  indirect  element.  These  industries  are  set  out 
in  Table  3.4,  along  with  some  information  which  should 
throw  some  light  on  their  position.  In  this  table 
the  'Largest  Link  Industry'  and  'Measure  of  Largest 
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Link'  were  derived  from  [l  -  a]”1  110  x  110  matrix. 

They  were  found  by  obtaining  the  largest  coefficient 
in  the  column  of  the  industry  in  question.  Those 
coefficients,  which  are  called  here  the  'Measures  of 
the  Largest  Link, '  show  the  dollar  value  of  the  input 
from  the  industry  named  required  to  meet  a  final 
demand  of  one  dollar  for  the  industry  in  question. 

The  largest  coefficient  in  any  row  indicates  the  most 
important  input  industry,  which  is  called  here  the 
'Largest  Link  Industry.' 

All  of  the  industries  in  Table  3.4  are  in  the 
bottom  half  of  the  top  twenty  ’direct  plus  indirect » 
energy  intensive,  industry  list.  They  still,  however, 
have  significant,  energy  contents.  What  the  table 
attempts  to  show  is  that  these  industries  are  all 
heavily  linked  to  one  of  the  directly  energy  intensive 
industries.  This  means  that  a  large  part  of  their 
indirect  energy  consumption  is  directly  traceable  to 
one  particular  intermediate  source.  Being  able  thus 
to  account  for  the  major  portion  of  the  indirect 
energy  consumed  by  an  industry  could  be  very  important 
in  a  detailed  study  of  the  effects  of  energy  price 
changes.  For  example,  if  it  is  known  that  a  given 
industry  consumes  a  major  portion  of  its  energy  indirectly 
through  purchases  of  inputs  from  the  agricultural 
rather  than  the  machinery  industry,  and  if,  in  addition, 
the  differential  abilities  of  these  two  industries  to 
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pass  on  cost  increases  is  known,  then  the  effects 
of  an  energy  price  increase  on  the  industry  in  question 
could  be  more  accurately  estimated  because  of  the 
knowledge  that  it  is  from  the  agricultural  industry 
that  it  gets  its  large  indirect  input  of  energy. 

EXAMINATION  OF  THE  'DIRECT  AND  INDIRECT’ 
REQUIREMENTS  FOR  THE  INDIVIDUAL 
ENERGY  RESOURCES 

An  Overview 

The  data  on  which  this  section  draws  is  set 
out  in  full  in  Table  A. 2  of  the  Appendix.  This  table 
lists  the  110  industries,  giving  for  each  the  dollar 
value  of  each  of  the  energy  resources  required  to  meet 
a  final  demand  of  one  dollar  for  the  output  of  the 
industry  in  question.  To  make  the  data  more  workable, 
in  this  chapter  these  figures  have  been  expressed 
in  cents  to  one  decimal  place.  All  the  averages 
which  appear  here  are  based  on  this  corrected  data. 

The  first  fact  explored  in  this  chapter  is  the 
relative  importance  of  the  various  energy  resources 
for  the  total  of  the  110  industries.  Thus  in  Table 
3.5  the  average  ’direct  plus  indirect’  content  of  each 
resource  over  the  110  industries  is  set  out.  From 
this  overall  view  of  the  economy,  two  resources 
emerge  as  being  particularly  important:  Crude  Mineral 
Oil,  and  Electric  Power.  However,  these  broad  national 
averages  often  provide  a  misleading  picture  of  the 
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relative  importance  of  the  different  energy  resources 
in  the  economy.  This  is  so  because,  in  addition  to  the 
overall  quantity  consumed  of  a  given  energy  resource, 
its  dispersion  in  use  among  the  various  sectors  and 
industries  is  also  a  very  important  factor  to  consider. 

An  example  of  this  is  Crude  Mineral  Oil  where  the 
national  average  consumption  'direct  and  indirect' 
is  very  large.  However,  this  large  national  average 
hides  the  fact  that  this  resource  is  of  great  importance 
to  only  one  industry,  the  petroleum  products  industry, 
and  is  only  of  minor  importance  to  the  other  109.  It 
can  clearly  be  seen  from  this,  that  in  order  to  fully 
understand  the  nature  of  energy  consumption  in  the 
economy,  the  relative  importance  of  the  various  energy 
types  at  the  sector  and  industry  level  must  be  examined. 

Table  3.5 


Average  Direct  and  Indirect  Content  of 
Each  Resource  Over  110  Industries 


Resource 

Average 

Direct  Indirect  Content 

per  $ 

of  Final  Demand 

Coal 

0.7<t 

Crude  Mineral  Oil 

2.0* 

Natural  Gas 

0.1* 

Gasoline 

0.7* 

Fuel  Oil 

1.0* 

Lube  Oil  and  Grease 

0.2* 

Other  Petroleum  Products 

0.6* 

Electrical  Power 

2.5* 

Source :  Calculated  from  data  in  Appendix,'  . 

Table  A. 2. 
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Sector  and  Industry  Level p  Analysis 


The  approach  chosen  here  is  to  look  at  the 
individual  energy  resources  consumed  at  the  sectoral 
level  and  whenever  striking  intersectoral  differences 
emerge  in  average  amounts  consumed  of  a  given  energy 
resource,  to  refer  back  to  the  industry  level  and 
attempt  to  explain  them.  By  following  this  procedure 
an  overview  is  achieved,  without  ignoring  significant 
industry  detail.  In  accordance  with  this  plan,  sector 
averages  were  computed  for  each  of  the  eight  energy 
resources.  This  data  is  set  out  in  Table  3.6. 

Starting  with  this  table,  the  individual  resources 
will  now  be  examined  individually. 

Coal 

By  far  the  greatest  consumption,  directly  and 
indirectly,  of  coal  comes  from  the  secondary  and 
primary  manuf acturing  sectors;  substantially  more 
coal  being  used  by  the  latter.  Two  industries, 
between  them,  account  for  a  large  part  of  the  primary 
manufacturing  sector's  consumption.  These  are  Iron 
and  Steel  Mills  (6.46)  and  Cement  and  Lime  Mfg.  (5.06). 
Both  these  industries  are  also  heavy  direct  users  of 
coal  inputs.  In  the  secondary  manufacturing  sector 
it  is  much  more  difficult  to  associate  the  large 
consumption  of  coal  to  any  particular  heavy  user 
industries.  This  is  because  most  of  the  coal  used  in 
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this  sector  is  indirectly  consumed  through  intermediate 
inputs  which  are  common  to  most  industries  there.  The 
heaviest  users  of  coal,  directly  and  indirectly,  are, 
however.  Steel  Pipe  and  Tube  (3.6$)  and  Fabr.  Structural 
Metal  (2.5$).  Examination  of  these  industries  shows 
that  they  are  net  heavy  direct  users  of  coal — the 
figures  for  direct  coal  inputs  being  .01$  and  .04$ 
respectively.  It  can  be  shown  that  these  two 
industries  get  much  of  their  indirect  coal  content 
embodied  in  their  large  intermediate  purchases  from 
the  Iron  and  Steel  Mills.  Steel  Pipe  and  Tube  requires 
59.7$  of  input  from  Iron  and  Steel  Mills  to  meet  a 
final  demand  of  one  dollar  for  itself.  Fabr.  Structural 
Metal  required  39.6$  worth.  It  is  also  likely  that 
all  the  other  secondary  manufacturing  industries  get 
their  indirect  coal  content  from  the  two  large  direct 
users,  the  Iron  and  Steel  Mills  and  the  Cement  and  Lime 
Mfg.  Ind.  since  these  two  industries  provide  inputs  to 
almost  all  industry. 

Crude  Mineral  Oil 

The  Primary  Manufacturing  sector  is  by  far 
the  largest  ‘direct  plus  indirect’  user  of  this 
energy  product.  This  is  because  the  Petroleum  Pro¬ 
ducts  Industry  is  situated  there,  and  it  requires 
59.7$  worth  per  dollar  of  final  demand.  This  is  also 
the  only  industry  which  has  any  significant  direct 
input  of  crude  mineral  oil.  The  consumption  of  crude. 
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directly  and  indirectly,  is  pretty  evenly  spread  among 
the  other  109  industries  and  this  use  is  almost  com¬ 
pletely  indirect.  These  industries  get  their  indirect 
crude  content  through  their  purchase  of  intermediate 
inputs  from  the  Petroleum  Products  industry  which  has 
extremely  heavy  forward  linkages.  Purchases  by  other 
industries  from  the  Petroleum  Products  Industry  vary 
only  from  1  to  7$  per  dollar  of  final  demand. 

Natural  Gas 

No  averages  were  computed  here  as  the  figures 
would  turn  out  too  small  to  be  meaningful.  In  fact, 
the  individual  industry  coefficients  are,  in  general, 
insignificant.  This  is  because  the  Natural  Gas 
economy  had  barely  emerged  in  Canada  in  1961. 4 

Gasoline 

The  principal  use  of  this  resource  is  in  the 
primary,  and  primary  manufacturing  sectors.  There 
are  a  few  key  industries  in  these  sectors  which  help 
account  for  the  higher  sector  averages.  These  industries 
are  listed  in  Table  3.7  with  their  'direct  plus  indirect' 
(DI)  and  'direct'  (D)  gasoline  contents  being  shown 
for  comparison. 


To  indicate  how  insignificant  natural  gas  util¬ 
ization  was  in  1961  in  the  Canadian  Economy,  the  three  most 
natural  gas  intensive  industries  will  be  listed  along  with 
their  direct  plus  indirect  natural  gas  content:  Cement 
and  Lime  Mfg.  (0.6$),  Clay,  Stone  and  Refrac.  (0.4$)  and 
Glass  and  Products  Mfg.  (0.2$). 
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Table  3 . 7 


The  Gasoline  Intensive  Industries 


DI 

D 

Primary 

Agriculture 

4.2$ 

3 . 6$ 

Forestry 

1.9$ 

1.4$ 

Hunting  and  Fishing 

3.9$ 

3.7$ 

- 

AO  Non-Metal  Mines 

2.0$ 

1.7$ 

Primary  Manuf acturina 

Meat  Processing 

2.9  $ 

0.04$ 

Pulp  and  Paper  Mills 

2.9  $ 

0.1$ 

Dairy  Factories 

3.2  $ 

0 . 5$ 

Fish  Products  Ind. 

2.3$ 

0.1$ 

Flour  Mills 

2.9$ 

0.02$ 

Leaf  Tobacco  Proc. 

3.5$ 

0.01$ 

Source:  Calculated  from  Dominion  Bureau  of 

Statistics,  The  Input-Output  Structure  of  the  Canadian 
Economy r  1961.  Vol.  II,  Table  13 
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Table  A. 2  in  the  Appendix  of  this 


By  comparing  the  ’direct*  with  the  ’direct 
plus  indirect'  gasoline  content,  much  can  be  learned 
about  the  industries  in  Table  3.7.  For  the  first 
group,  the  primary  industries,  there  is  little  difference 
between  the  two  quantities.  This  indicates  that  the 
gasoline  content  of  these  industries  comes  principally 
from  direct  inputs  of  gasoline.  Quite  the  opposite  is 
true  of  the  secondary  manufacturing  group.  Their 
gasoline  consumption  is  predominantly  indirect.  An 
examination  of  the  industries  involved  would  point  to 
the  conclusion  that  much  of  this  indirect  gasoline 
consumption  takes  place  through  the  use  of  inputs  from 
the  first  three  industries  in  the  primary  group  in 
Table  3.7.  This  is  confirmed  by  looking  at  the 
[i  -  A]"1  110  x  110  matrix  where  strong  links  are 
seen  to  exist  from  these  gasoline  intensive  primary 
industries  to  their  processing  industries  in  the 
primary  manufacturing  sector. 

Fuel  Oil 

There  is  little  difference  among  the  sectors 
with  respect  to  their  average  'direct  plus  indirect' 
use  of  fuel  oil.  Also,  for  the  individual  industries 
within  any  sector  there  is  very  little  deviation  from 
the  sector  average.  Another  factor  peculiar  to  this 
resource  is  that  there  is  very  little  difference 
between  the  figures  for  direct  and  those  for  'direct 
plus  indirect'  use.  The  conclusion  to  be  drawn  from 


■ 
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the  above  facts  is  that  fuel  oil  is  an  input  which  is 
used  directly  by  almost  all  industries  in  similar 
quantities  and  that  its  use  is  generally  small.  No 
other  significant  patterns  emerge  from  the  data  on 
this  resource. 

Lube  Oil  and  Grease 

This  is  an  energy  resource  used  in  small 
quantities  by  all  industries,  with  direct  consumption 
being  generally  more  important  than  indirect.  The 
primary  and  primary  manufacturing  sectors  have  the 
highest  average  lube  oil  and  grease  content.  In 
order  to  explain  some  of  the  pattern  of  utilization 
of  this  resource,  those  industries  in  the  Primary 
and  Primary  Manufacturing  sectors  have  been  selected  whose 
consumption  is  greater  than  the  sector’s  average 
of  0«4<fc.  These  industries  together  with  their 
direct  (D)  and  ’direct  plus  indirect*  (DI)  lube  oil 
and  grease  contents  are  listed  in  Table  3.8. 

Of  the  industries  listed,  only  the  Fish 
Products  Industry  and  Leaf  Tobacco  Proc.  have 
displayed  large  indirect  inputs  of  lube  oil  and 
grease.  Examination  of  the  [i  -  a]  1  110  x  110 
matrix  will  show  clearly  the  source  of  these  industries’ 
indirect  consumption  of  this  resource.  The  Fish 
Products  Ind.  requires  52<t  of  output  from  the  Fishing 
and  Hunting  industry  per  dollar  of  final  demand,  and 
this  latter  industry  has  a  direct  Lube  Oil  and  Grease 


. 
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Table  3.8 


Industries  With  Direct  Plus  Indirect 
Lube  Oil  and  Grease  Content  >  0.4$. 


Industry 

DI 

D 

Primary 

Agriculture 

0.5  $ 

0.4$ 

Fishing  and  Hunting 

1.1$ 

1.0$ 

Coal  Mines 

0.5$ 

0.45$ 

AO.  Non-Metal  Mines 

1.0$ 

0.9$ 

Primary  Manuf acturina 

Fish  Prod.  Ind. 

0.7  $ 

0.04$ 

Leaf  Tobacco  Proc. 

0.5  $ 

0.004$ 

Cement  and  Lime  Mfg. 

0 . 5$ 

0.4$ 

Petroleum  Prod.  Ind. 

0.6  $ 

0.4$ 

Source :  Calculated  from  Dominion  Bureau  of 

Statistics,  The  Input-Output  Structure  of  the  Canadian 
Economy r  1961.  Volume  II,  Table  13. 

Table  A.l  in  the  Appendix  of  this  paper. 
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input  of  1$  per  dollar.  Similarly  the  Leaf  Tobacco 
industry  requires  92$  of  output  from  Agriculture 
which  directly  consumes  0.4$  of  Lube  Oil  and  Grease 
per  dollar  of  output. 

Other  Petroleum  Products 

These  do  not  comprise  a  large  proportion  of 
the  input  of  any  of  the  sectors.  However,  the 
average  consumption  by  the  secondary  manufacturing 
sector  is  noticeably  above  that  of  the  others.  Because 
of  this,  the  industries  in  this  sector  will  be  examined 
in  more  detail.  Those  industries  which  are  very  large 
consumers  of  petroleum  products  are  set  out  in  Table 
3.9.  These  industries  display  large  direct  consumption 
of  petroleum  products,  probably  mainly  as  feedstock. 

It  is  from  these  five  industries  that  most  of  the 
indirect  use  of  petroleum  products  is  spread  through 

Table  3 . 9 


Industries  With  Large  Petroleum  Products  Content 


Industry 

DI 

D 

Other  Wood  Ind . 

3.4 

$ 

3.1 

$ 

Asphalt  Roof ing 

7.3 

$ 

6.7 

$ 

Plastic  Resin  Mfg. 

4.2 

$ 

2.5 

$ 

Paint  and  Varnish 

4.3 

$ 

2.5 

$ 

Other  Chemical  Ind. 

6.2 

$ 

5.2 

$ 

Source :  Calculated  from  Dominion  Bureau  of 

Statistics,  The  Input-Output  Structure  of  the  Canadian 
Economy r  1961.  Volume  II,  Table  13. 

Table  A. 2  in  Appendix  of  this  paper. 
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the  rest  of  the  economy. 

Electric  Power 

This  is,  by  far,  the  most  important  and 
generally  used  energy  resource  in  the  economy.  There 
is  very  little  difference  between  sectors  with  respect 
to  average  consumption  of  electric  power.  Almost  all 
industries  consume  a  significant  amount  of  electric 
power  directly  and  indirectly.  There  are,  however, 
some  industries  which  have  electric  power  contents 
considerably  above  average.  These  industries  are 
set  out  in  Table  3.10. 


Table  3.10 


Industries  With  'Direct  Plus  Indirect'  Electric 
Power  Content  Greater  than  4$ 


Industry 

DI 

D 

Primary 

Iron  Mines 

6.6 

4.9 

JC 

Coal  Mines 

5.7 

4.3 

Primary  Manufacturing 

Cement  and  Lime  Mfg. 

6.3 

4.2 

Pulp  and  Paper  Mills 

5.6 

3.7 

Copper  Roll  Cast. 

4.1 

0.7 

Secondary  Manufacturing 

Other  Non-Metal  Min. 

7.9 

4.9 

Other  Chemical  Ind. 

5.7 

3.2 

Alum.  Roll.  Cast 

4.1 

1.0 

Tertiary 

Utilities 

23.1 

19.1 

Source :  Calculated  from  Dominion  Bureau  of  Sta¬ 

tistics,  The  Input-Output  Structure  of  the  Canadian 
Economy r  1951.  Volume  II,  Table  13. 

Table  A. 2  in  the  Appendix  of  this  paper. 
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With  the  exception  of  two  industries,  all  the  above 
have  above  average  direct  inputs  of  electric  power. 
Although  due  to  the  general  use  of  this  energy  resource, 
it  is  impossible  to  trace  through  the  path  of  indirect 
use,  it  seems  reasonable  to  assert  that  it  is  from 
the  industries  above  that  most  of  the  indirect  con¬ 
sumption  feeds  through  the  system. 

SUMMARY  AND  CONCLUSIONS 

In  this  chapter,  the  ’direct  and  indirect* 
energy  requirements  of  Canadian  primary  and  manu¬ 
facturing  industries  were  examined.  It  was  shown 
that  direct  plus  indirect  energy  consumption  was  an 
important  cost  element  in  many  of  these  industries. 
Furthermore,  it  was  demonstrated  that  some  industries, 
which  would  not  have  been  considered  as  energy 
intensive  on  the  basis  of  their  direct  energy  use, 
turned  out  to  be  so  when  indirect  use  of  energy  was 
included.  It  was  also  shown  that  significant  dif¬ 
ferences  exist  between  industries,  both  with  respect 
to  overall  'direct  and  indirect'  energy  requirements 
and  to  the  consumption  of  individual  energy  resources. 
Some  of  these  differences  were  explained  in  terms  of 
differential  backward  linkages  to  the  directly  energy 
intensive  industries. 


- 
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Chapter  IV 


THE  PRICE  OF  ENERGY 

INTRODUCTION 

In  this  chapter  the  effects  of  imposing  price 
changes  on  the  specific  kinds  of  energy  and  the  resul¬ 
tant  price  effects  on  final  output  -will  be  analyzed. 
The  study  will  be  carried  on  within  the  Input-Output 
framework  and  will  utilize  the  data  calculated  earlier 
in  this  paper.  Since  the  price  analysis  is  merely 
one  way  in  which  this  data  can  be  used,  no  attempt  is 
made  to  conduct  a  detailed  analysis  of  how  a  given 
energy  policy  would  effect  the  output  prices  of 
specific  industries.  Rather,  this  chapter  is 
methodological  in  that  its  intent  is  to  provide  a 
broad  framework  in  which  the  information  contained 
elsewhere  in  this  paper  can  be  applied  to  the  specific 
problem  of  changing  energy  prices. 

The  uses  of  such  price  analysis  are  many.  For 
example,  it  would  be  essential,  in  determining  the 
effect  of  any  proposed  energy  price  change,  to  have 
a  clear  picture  of  how  such  changes  would  effect  the 
competitive  position  of  Canadian  exports.  The  appli¬ 
cations  are  not,  however,  restricted  to  the  foreign 
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trade  sector.  The  technique  could  also  be  used  to 
study  the  effects  on  regional  output  price  differences 
of  a  policy  designed  to  widen  or  narrow  regional 
energy  price  differentials. 

The  plan  of  the  chapter  is  as  follows.  Firstly, 
the  assumptions  used  will  be  explicitly  listed  and 
some  of  their  implications  explored.  Then  it  will  be 
shown  how  the  'direct  plus  indirect'  energy  requirement 
coefficients  displayed  in  Table  A. 2  can  be  used  to 
predict  the  effect  on  output  prices  of  any  of  the  110 
industries,  of  a  change  in  the  price  of  any  of  the 
eight  energy  resources.  Finally,  the  limitations  of 
this  type  of  approach  will  be  set  out,  and  more 
sophisticated  models  suggested. 

ASSUMPTIONS  AND  THEIR  IMPLICATIONS 

The  assumptions  used  in  the  following  analysis 
are  very  important  in  interpreting  the  results  which 
are  derived  using  the  methods  described.  These  are 
of  two  principal  types,  those  which  are  implicit  in 
the  very  nature  of  a  static  input-output  model,  and 
others  which  are  peculiar  to  the  problem  at  hand.  The 
listing  of  assumptions  which  appears  below  is  not 
complete,  but  focuses  only  on  those  which  have 
immediate  relevance  to  price  analysis. 

A.  General  Assumptions  of  a  static  Input- 


Output  Model: 
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i.  No  substitution  among  factors  of  production 

ii.  The  inputs  purchased  by  any  sector  are 

a  function  only  of  the  level  of  output 
of  that  sector. 

B.  Particular  assumption  concerning  the  cost- 
price  relation: 

iii .  All  increases  in  costs  are  'passed  on' 
in  the  sense  that  when  an  industry  is 
faced  with  an  increase  in  input  prices 
or  factor  prices,  it  is  able  to  offset 
this  increase  in  costs  by  increasing 
its  output  prices. 

The  assumption  of  no  substitution  among  inputs 
ensures  that  when  the  relative  prices  of  inputs  are 
changed,  no  structural  change  occurs  within  the 
system.  For  example,  raising  the  price  of  one  energy 
resource  while  leaving  the  others  unchanged  will  not 
result  in  that  resource  being  replaced  in  production 
by  one  of  the  others.  Although  this  seems  like  a  very 
rigid  restriction  to  impose  on  a  model  of  this  sort, 
it  is  probably  reflective  of  real  world  behaviour  in 
the  short  run.  Producers,  even  if  alternative  input 
configurations  are  available,  would  not  be  likely  to 
alter  their  processes  unless  they  were  certain  that 
the  new  relative  price  structure  was  permanent. 

Also,  switching  from  one  fuel  to  another  takes  time 
as  it  involves  changing  capital  plant  and  the  tech¬ 
nology  implicit  in  this  capital.  However,  it  should 
be  remembered  that  substitution  among  fuels  is  more 
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easily  achieved  than  with  other  general  inputs. ^ 

The  second  assumption,  although  it  is  analogous 
to  the  first,  prevents  an  additional  response  to  price. 

That  is,  when  the  price  of  a  particular  energy  resource 
is  raised,  attempts  would  be  made  to  improve  fuel 
efficiency  and  eliminate  waste.  This  would  be  par¬ 
ticularly  the  case  if  the  price  increase  were  large. 

The  end  result  of  this  action  on  the  part  of  industry 
would  be  to  reduce  consumption  of  the  resource  whose 
price  was  increased,  without  altering  output  or 
causing  substitution  in  favour'  of  other  energy  sources. 

The  third  assumption  means,  in  effect,  that  the  de¬ 
mand  side  of  the  picture  is  completely  ignored.  For  example 
if  the  cost  of  delivering  $1  worth  of  the  output  of  any  in¬ 
dustry  to  final  demand  increases  by  10<t  due  to  an  energy 
price  increase,  the  price  of  that  given  quantity  of  output 
will  increase  by  104:.  This,  of  course,  ignores  the  reality 
that  the  increase  in  price  may  cause  consumers  to  decrease 
their  consumption  of  the  product  in  question.  This  type  of 
pricing  behaviour  would  not  be  typical  of  a  profit  maxim¬ 
izing  producer  unless  he  were  faced  with  the  unlikely  pheno¬ 
menon  of  a  perfectly  inelastic  demand  for  his  product.  In 
the  absence  of  such  conditions,  the  producer  would  be 
forced  to  absorb  some  of  the  increased  costs  himself,  in 

^For  a  discussion  of  changing  input  coefficients 
sees  Anne  P.  Carter,  Structural  Chance  in  the  American 
Economy.  (Cambridge,  Mass.:  Harvard  University  Press, 

1970) . 
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the  form  of  a  reduced  profit  margin.  Alternatively,  where 
the  market  power  of  his  non-energy  suppliers  is  not  strong, 
it  might  be  possible  for  a  producer  to  reduce  the  price  of 
these  inputs.  By  thus  shifting  his  energy  cost  increases 
backward  to  his  suppliers  he  could  maintain  his  oricrinal 
profit  margin  without  increasing  the  price  of  his  products. 
In  all  cases  except  the  one  assumed  here  the  increase  in 
output  prices  would  be  less  than  proportional  to  the  energy 
price  increase. 

CHANGING  THE  PRICE  OF  ENERGY 

Having  set  out  the  assumptions,  the  effect  of 
changing  energy  prices  will  now  be  examined.  The  task  is 
relatively  simple  once  the  above  restrictions  are  accepted. 
The  procedure  used  involves  simple  operations  on  the  co¬ 
efficients  set  out  in  Table  A. 2  in  the  Appendix.  These 
show  the  'direct  plus  indirect'  amount  of  each  of  the  energy 
resources  listed,  required  to  deliver  one  dollar  worth  of 
the  industry's  output  to  final  demand.  They  represent  the 
energy  cost  of  one  dollar  of  final  demand  and  changing  the 
price  of  energy  involves  altering  this  cost.  Given  the 
assumptions  above  this  cost  change  will  be  proportional  to 
the  energy  price  change  and  the  cost  change  will  be  passed 
on  entirely  to  the  consumer  in  the  form  of  a  price  change. 

Taking  the  example  of  agriculture,  its  gasoline  co¬ 
efficient  is  .041572.  This  means  that  approximately  4.2jzf 
worth  of  gasoline  is  required  directly  and  indirectly  to 
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deliver  $1  worth  of  agricultural  output  to  final  demand. 

Now,  if  the  price  of  gasoline  is  increased  by,  say,  50  per¬ 
cent,  the  amount  of  gasoline  required  will  be  5.3£.  Under 
the  cost-price  assumption  above,  this  will  mean  that  the 
amount  of  agricultural  produce  previously  represented  by  $1 
of  final  demand  will  now  fetch  a  price  of  $1.01.  Similarly, 
a  gasoline  price  increase  of  100  percent  would  result  in  a 
comparable  price  being  $1.02.  Similar  operations  could 
be  used  to  study  the  effect  on  any  of  the  110  industries 
of  changing  the  price  of  one,  or  any  number,  of  the  energy 
resources . 

Knowledge  of  the  effects  of  changing  energy  prices 

are  of  great  importance  for  projecting  future  economic 

profiles.  Some  of  the  wider  implications  of  such  price 

changes  have  been  examined  in  great  detail  for  some  European 

economies  in  a  report  commissioned  by  the  European  Economic 
2 

Community.  The  assumptions  adopted  in  this  paper  have, 
however,  prevented  the  examination  of  many  of  the  important 
regional  and  substitution  problems,  so  well  handled  in  the 
European  report.  However  the  data  set  out  below  could 
easily  provide  some  of  the  basic  raw  material  for  future 
studies  in  these  areas.  For  example,  knowledge  of  which 
industries  would  be  most  affected  by  specific  energy  price 


2 

European  Economic  Community,  L1 influence  economique 
du  prix  de  l'energie  (Etudes  dans  la  serie  economie 
et  finances.  No. 4,  Bruxelles,  1966). 


' 
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changes,  coupled  with  data  on  regional  industrial  structures, 
could  show  how  different  energy  price  patterns  would  differ¬ 
entially  affect  individual  regions. 

In  order,  then,  to  give  an  indication  of  which 
industries  would  be  most  affected  by  changes  in  the  prices 
of  individual  energy  resources,  a  group  of  tables  will  now 
be  presented.  These  list  the  top  ten  'direct  plus  indirect' 
users  of  each  of  the  energy  resources.  They  thus  represent 
the  ten  industries  in  each  case  which  would  be  most  affected 
by  the  given  energy  price  change.  In  these  tables  (DI) 
means  the  amount  of  the  specified  energy  resource  required 
directly  and  indirectly  to  produce  $1  worth  of  the  output 
of  the  industry  in  question. 


Table  4 . 1 


Top  10  Users  of  Coal 


Industry 


DI 


Iron  and  Steel  Mills 
Cement  and  Lime  Mfg. 
Steel  Pipe  and  Tube 
Fabr.  Struct.  Metal 
Metal  Stamping 
Wire  and  Prod.  Mfg. 
Clay,  Stone  and  Refrac. 
Border  and  Plate  Works 
Oth.  Chemical  Ind. 
Vehicle  Parts  Mfg. 


6.4 
5.0  jzf 

3.6  £ 

2.5  £ 
2.2  £ 
2.0  jzf 
1.9  0 

1.7  jzf 
1.7  f£ 

1.5  0 


. 
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Table  4.2 


Top  10  Users  of  Crude  Mineral  Oil 


Industry 


DI 


Petroleum  Products  Ind. 

59.7 

£ 

Agriculture 

4.0 

Oth.  Chemical  Ind. 

3.9 

Sugar  Refineries 

3.5 

Leaf  Tobacco  Proc. 

3.4 

& 

Dairy  Factories 

3.2 

& 

Fishing  &  Hunting 

3.1 

t 

Ao.  Non-Metal  Mines 

3.0 

Plastic  Resin  Mfg. 

3.0 

Flour  Mills 

2.9 

Table  4 . 3 


Top  10  Users  of  Gasoline 


Industry  DI 


Agriculture  4.2  & 

Fishing  &  Hunting  3.9 

Leaf  Tobacco  Proc.  3.5  ^ 

Veg.  Oil  Mills  3.4  jzf 

Dairy  Factories  3.2  & 

Meat  Processors  2.9  jzf 

Flour  Mills  2.9 

Fish  Prod.  Ind.  2.3  ^ 

Feed  Mills  2.3  jz5 

Ao.  Non-Metal  Mines  2.0  <jt 
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Table  4.4 


Top  10  Users  of  Fuel  Oil 


Industry  DI 


Transp.  and  Storage  2.8 

Clay,  Stone  and  Refrac.  2.3  0 

Glass  &  Prod.  Mfg.  2.2  jzf 

Iron  Mines  2.0  jzf 

Ao.  Non-Metal  Mines  2.0  (6 

Iron  &  Steel  Mills  1.9  ft 

Operating  Suppl.  1.9  jz i 

Asbestos  Mines  1.7  jzl 

Pulp  &  Paper  Mills  1.7  jzf 

Concrete  &  Gypsum  1.5  0 


Table  4 . 5 

Top  10  Users  of  Lube  Oil  &  Grease 


Industry 

DI 

Fishing  &  Hunting 

1.1 

Ao.  Non-Metal  Mines 

1.0 

Fish  Prod.  Ind. 

0.7 

Petroleum  Prod.  Ind. 

0.6 

Agriculture 

0.5 

Coal  Mines 

0.5 

Leaf  Tobacco  Proc. 

0.5 

Cement  &  Lime  Mfg. 

0.5 

Iron  Mines 

0.4 

Meat  Processors 

0.4 

' 
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Table  4.6 


Top  10  Users  of  Other  Petroleum  Products 


Industry 

DI 

Asphalt  Roofing 

7.3 

* 

Oth.  Chemical  Inds. 

6.2 

Paint  &  Varnish 

4.3 

Plastic  Resin  Mfg. 

4.2 

Oth.  Wood  Ind. 

3.4 

Linol  &  Coated  Fabric 

1.  8 

Ao.  Paper  Convert. 

1.8 

Mixed  Fertilizers 

1.6 

Oth.  Rubber  Ind. 

1.4 

Tire  &  Tube  Mfg. 

1.4 

Table 

Top  10  Users  of 

4.7 

Electricity 

Industry 

DI 

Oth.  Non-Metal  Minerals 

7.9 

Oth.  Metal  Mines 

6.6 

Cement  &  Lime  Mfg. 

6.3 

Coal  Mines 

5.7 

Oth.  Chemical  Ind. 

5.7 

Pulp  &  Paper  Mills 

5.6 

Smelting  &  Refining 

4.5 

Alum.  Roll  Cast 

4.1 

Copper  Roll  Cast 

4.1 
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SUMMARY  AND  CONCLUSIONS 

From  the  above,  it  can  be  seen  how  easily  the  effects 
of  energy  price  changes  can  be  calculated  within  the  frame¬ 
work  of  the  given  set  of  assumptions.  However,  these  latter 
comprise  an  oversimplification  and  the  predictions  derived 
must  be  viewed  within  this  context.  More  sophisticated 
models  are  possible,  but  they  require  much  more  technical 
and  economic  information  than  was  available  for  this  paper. 

3 

Chenery  and  Clark  suggest  a  model  which  would  take 
into  account  some  of  the  substitution  effects  which  were 
ignored  above.  Their  procedure  involves  a  sub-analysis  of 
key  areas,  such  as  fuel  consumption.  Having  calculated 
from  an  Input-Output  model  the  energy  required  by  industry, 
and  converted  it  into  some  thermal  units,  they  proceed  to 
explore  the  different  fuel  substitution  possibilities  given 
alternative  sets  of  assumed  relative  prices.  The  set  of 
fuel  consumption  figures  arrived  at  by  this  sub-analysis  is 
then  plugged  back  into  the  Input-Output  model  to  check  its 
effects  and  feasibility.  Using  a  trial  and  error  procedure, 
an  energy  consumption  pattern  is  arrived  at  which  is  con¬ 
sistent  with  the  assumed  set  of  prices  and  with  the  Input- 

Output  predictions.  A  procedure  similar  to  this  was  used 

4 

in  an  Input-Output  study  of  the  Italian  Economy.  In  this 


3 

Chenery  and  Clark,  Interindustry  Economics, 
Chapter  10. 

4 

H.B.  Chenery  and  P.G.  Clark  and  V.  Cao-Pinna, 

The  Structure  and  Growth  of  the  Italian  Economy, 
(Rome:  U.S.  Mutual  Security  Agency,  1953). 
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study  a  sub-analysis  was  used  to  test  the  feasibility  of 
substituting  domestic  natural  gas  for  imported  coal  in 
Italian  industry  over  a  five  year  period.  The  incorpor¬ 
ation  of  this  analysis  into  the  overall  input-output 
predictions  yielded  fairly  reliable  results. 

However,  even  the  more  sophisticated  models  are 
far  from  perfect,  as  it  is  impossible  to  isolate  all  the 
different  factors  which  would  lead  to  a  change  in  energy 
structure.  "...  changes  in  Input-Output  structure 
subsume  long  and  short-run  substitution  along  with  inno¬ 
vation  and  diffusion  of  new  techniques.  Operationally, 
some  of  these  distinctions  are  very  difficult  to  make,  even 
in  a  framework  that  specifies  variable  coefficients."^ 
Without  being  able  to  separate  all  the  diverse  factors 
involved  in  a  changing  energy  consumption  pattern,  reliable 
prediction  of  the  effects  of  one  of  these  influences,  such 
as  price,  is  bound  to  be  unreliable  to  some  extent. 


^Carter,  Structural  Change  in  the  American  Economy, 
p.  217. 
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Chapter  V 


SOME  RELATIONSHIPS  BETWEEN  ENERGY  AND  CANADIAN  TRADE 

INTRODUCTION 

In  this  chapter  the  'direct  plus  indirect’ 
energy  content  of  Canada's  foreign  trade  will  be 
examined.  The  information  gained  by  this  analysis  may 
be  of  use  in  evaluating  the  industrial  ramifications 
of  policies  which  would  affect  energy  prices.  Without 
consideration  of  indirect  energy  content,  many  of  the 
broader  implications  of  such  policies  would  be  impossible 
to  calculate.  Previous  studies1  have  shown  that 
Canadian  exports  are  relatively  capital  and  natural 
resource  intensive.  Furthermore,  it  has  been  shown 
that  the  export  industries  are  directly  energy 
intensive.  However,  in  these  studies,  no  attempt  was 
made  to  take  into  account  indirect  energy  content. 

Neglect  of  this  element  leads  to  an  underestimation 
of  the  importance  of  energy  resources  as  a  cost  element 
in  the  exporting  and  import-competing  industries. 

1B.  W.  Wilkinson,  Canada's  International  Trade: 

An  Analysis  of  Recent  Trends  and  Patterns.  (Canadian 
Trade  Committee,  1968). 
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Knowing  the  natural  resource  or  capital  content  of 
commodity  trade  means  that  it  is  possible  to  make 
judgments  on  where  a  country’s  comparative  advantage 
lies.  Knowledge  of  'direct  plus  indirect'  energy 
intensities  does  not  confer  as  much  analytical  power, 
but  it  does  provide  a  basis  for  estimating  the  effect 
on  our  trade  balance  of  changing  that  particular  cost 
element  through  different  energy  policies.  The  net 
effect  on  trade  flows  of  such  price  changes  may  be 
slight  but  it  is  with  such  marginal  elements  that 
economic  analysis  is  often  concerned. 

The  format  of  this  chapter  will  be  as  follows. 
Firstly,  four  groups  of  industries  will  be  classified 
with  respect  to  trade,  and  then  the  average  energy 
intensities  of  each  of  these  groups  will  be  calculated. 
From  this  data,  it  will  be  shown  that,  on  average, 
Canadian  exporting  industries  are  more  energy  intensive 
than  import  competing  ones.  Then  the  industries  within 
each  of  the  above  groups  will  be  allocated  to  sectors — 
primary,  primary  manufacturing  and  secondary  manu¬ 
facturing.  The  relative  importance  of  energy  in  each 
of  these  sectors  will  then  be  studied.  Following  this, 
the  paper  will  focus  upon  the  individual  energy  resources 
and  their  relative  positions  in  the  trade  sector.  It 
will  be  shown  that  a  certain  few  resources  contribute 
in  particular  to  the  overall  energy  intensity  of  Canadian 
exporting  industries  and  hence  affecting  their  prices 
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would  have  the  broadest  consequences  for  trade.  Finally, 
it  will  be  shown  how  the  ’direct  plus  indirect’  energy 
requirements  of  a  given  foreign  trade  pattern  can  be 
estimated  using  the  data  generated  in  this  paper. 

FOREIGN  TRADE  CATEGORIES  DEFINED 
AND  EXAMINED 

Data  on  imports  and  exports  for  197  commodities 
were  found  in  Table  13  of  the  Input-Output  table  for 
Canada. ^  These  commodities  were  allocated  to  the  110 
industries  under  study  in  this  paper  and  corresponding 
import,  export  and  domestic  output  figures  were  cal¬ 
culated.  The  industries  were  then  divided  into  two 
principal  groups,  those  whose  exports  amounted  to 
greater  than  15  percent  of  total  domestic  output 
(called  the  exporting  industries),  and  those  whose 
imports  formed  more  than  15  percent  of  total  domestic 
output  (called  the  import-competing  industries). 

Some  industries  were  both  ’exporting’  and  ’import- 
competing.’  Consequently,  another  category,  the  ’net 
exporting  industries,'  was  identified.  It  consists 
of  those  industries  which  are  classified  as  exporting 
but  whose  exports  also  exceed  imports. 

The  use  of  these  industrial  categories  as  a 

^Dominion  Bureau  of  Statistics,  The  Input - 
Output  Structure  of  the  Canadian  Economy.  1961 . 

Vol.  II,  Table  13. 


. 
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proxy  for  imports  and  exports  involves  a  fairly  rigid 
assumption.  Namely,  "that  production  techniques  are 
essentially  the  same  everywhere  and  that,  therefore, 
the  relative  factor  intensities  of  imports  and  exports 
can  be  approximated  from  the  relative  factor  inten¬ 
sities  of  domestically  produced  import-competing  goods 

O  , 

and  export  goods.  Having  defined  these  trade  cate¬ 
gories,  it  now  remains  to  calculate  their  average 
’direct  plus  indirect*  energy  intensities.  These  will 
be  compared  with  each  other  and  with  the  average  for 
the  total  of  110  industries.  These  averages  are  listed 
in  Table  5.1. 


Table  5.1 

Energy  Inputs  -  Foreign  Trade  Averages 


All 

Exporting 

Net  Exporting 

Import  Competing 

Industry 

Inds . 

Inds . 

Inds . 

7.9 $ 

8.9$ 

-e- 

in 

• 

00 

7.2$ 

Source :  Calculated  from  data  in  Appendix,  Table  A.l. 

From  the  above,  it  can  be  seen  immediately  that 
the  exporting  and  net  exporting  industries  are  much  more 
energy  intensive  on  average  than  either  the  total  of  110 

3 

Wilkinson,  B.  W. ,  Canada* s  International  Trade: 

An  Analysis  of  Recent  Trends  and  Patterns,  p.  87,  n.  6. 
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industries  or  the  import-competing  ones.  It  is  not 
valid,  however,  to  infer  from  this  that  Canadian 
exports  are  more  energy  intensive  than  imports.  This 
is  so  because  the  averages  used  in  Table  5.1  are  simple, 
and  thus  give  equal  weight  to  every  industry  regardless 
of  its  size.  However,  indications  from  previous  studies^ 
are  that  weighting  by  some  measure  of  industry  importance 
would,  in  fact,  reinforce  the  trend  observed  above. 

The  results  then  confirm  the  intuitive  notion  that 
Canada,  due  to  its  relative  abundance  of  high  quality 
energy  resources,  would  be  a  net  exporter  ’directly 
plus  indirectly'  of  these.  The  above  facts  are  of 
theoretical  importance,  but  more  practical  information 
can  be  gained  by  studying  the  same  picture  at  a  more 
disaggregated  level. 

SECTOR  ANALYSIS 

In  this  section  the  relative  energy  content 
of  the  different  sectors  within  each  of  the  three 
trade  categories  is  examined.  Such  differentials 
as  exist  are  important  in  that  they  provide  some  idea 
of  what  impact  a  shift  in  the  sector  composition  of 
trade  might  have  on  energy  consumption.  The  data 
relevant  to  the  following  analysis  is  set  out  in 
Table  5.2. 


4Ibid . 
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For  the  primary  industries  there  is  no  difference 
among  the  trade  categories  in  average  energy  intensity. 
With  the  primary  manufacturing  industries  some  differences 
begin  to  emerge.  The  exporting  and  net  exporting 
industries  here  are  the  same,  and  they  are  sub¬ 
stantially  more  energy  intensive  than  the  import- 
competing  primary  industries.  It  is  from  this  sector 
that  most  of  Canada’s  manufactured  exports  come^  and 
hence  the  energy  position  here  accounts  for  large  net 
exports  of  embodied  energy.  For  the  secondary  manu¬ 
facturing  industries,  the  difference  in  energy  content 
between  the  exporting  and  importing  industries  is  even 


Table  5.2 

Energy  Inputs  -  Foreign  Trade  by  Sector 


Exporting 

Industries 

Net  Exporting 
Industries 

Import -Competing 
Industries 

Primary 

8.5$ 

8.5$ 

8.5$ 

(n  =  8) 

(n  =  6) 

(n  =  4) 

Primary 

8.4$ 

8.4$ 

7.8$ 

Mfg. 

(n  =  9) 

(n,:=  9) 

(n  =  4) 

Secondary  9.8$ 

8.8$ 

7.0$ 

Mfg. 

(n  =  7) 

(n  =  3) 

(n  =  38) 

n  =  number 

of  industries  in 

category 

Source :  Calculated  from  data  in  Appendix,  Table 

A.l. 


^Ibid.  p.  100. 
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more  pronounced.  The  9.8$  worth  of  energy  consumed, 
directly  and  indirectly,  by  the  exporting  industries 
here  is  considerably  greater  than  the  7$  worth  consumed 
by  the  import  competing  industries  or  the  7.1$  worth 
by  the  total  of  all  secondary  manufacturers..  Thus, 
although  in  the  overall  picture  of  the  economy, 
secondary  manufacturing  is  on  average  the  least 
energy  intensive  of  the  sectors  under  consideration, 
it  is  clear  that  a  set  of  particularly  heavy  energy 
users  emerge  as  the  exporting  industries  from  this 
sector.  In  a  paper  of  this  type  it  is  only  possible 
to  conjecture  that  these  particular  industries  emerge 
as  the  export  performing  ones,  due  to  some  comparative 
advantage  they  derive  through  Canada’s  relative 
abundance  of  high  quality  energy  resources.  It  is 
now  proposed  to  continue  the  study  of  trade  at  the 
level  of  individual  energy  resources. 

THE  INDIVIDUAL  ENERGY  RESOURCES  AND  TRADE 

Knowledge  of  the  relative  importance  of  each 
specific  energy  resource  as  a  cost,  in  the  commodities 
that  enter  into  Canada’s  foreign  trade,  is  essential 
if  any  action  is  contemplated  which  would  change  their 
relative  price  structure.  Thus,  in  this  section  an 
attempt  will  be  made  to  outline  the  energy  structure 
of  Canada's  foreign  trade.  The  amount  of  each  of  the 
energy  resources,  on  average,  required,  directly  and 


. 
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indirectly,  by  each  sector  for  each  of  the  trade 
categories  and  for  the  total  110  industries  is  set 
out  in  Table  5.3. 

Primary  Industries 

For  the  primary  industries,  the  most  important 
energy  resource  is  electric  power  followed  closely 
by  crude  mineral  oil  and  gasoline.  There  is  very 
little,  deviation  by  any  of  the  trade  categories  from 
the  sector  average  in  any  resource.  The  exception 
to  this  is  the  import-competing  industries  whose 
average  consumption  of  gasoline  is  less,  and  that 
of  electric  power  considerably  greater  than  the  average 
of  all  primary  industries.  Three  of  the  four  import- 
competing  industries  have  below  average  gasoline 
consumption  while  one,  coal  mines,  has  a  very  large 
electric  power  consumption  figure  at  5.7<fc  per  dollar 
of  final  demand. 

Primary  Manufacturing 

For  the  primary  manufacturing  industries, 
the  most  important  energy  resource  is  electric 
power  followed  by  crude  mineral  oil  and  gasoline. 
Differences  among  the  groups  listed  occurs  only  for 
coal,  electric  power  and  crude  mineral  oil.  For 
coal,  the  exporting  and  net  exporting  industries  are 
below  the  average  of  all  primary  manufacturing  industrie 
while  the  import  competing  industries  are  above  this 


flO~:  r  S"  '  L  ■  c-E  O  y£  5  '■•'  oil*.  ' 
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average.  One  of  the  four  import  competing  industries, 
Clay,  Stone  and  Refrac,  is  responsible  for  their 
high  average.  This  industry  consumes  directly  and 
indirectly  1 . 9$  worth  of  coal^1  per  dollar  of  final 
demand.  For  crude  mineral  oil  and  electric  power, 
all  the  trading  categories  are  considerably  below 
the  average  of  all  the  primary  manufacturing  industries. 

Secondary  Manufacturing 

For  these  industries,  the  most  significant 
energy  resources  are  crude  mineral  oil  and  electric 
power.  For  two  resources,  ’electric  power'  and  'other 
petroleum  products'  the  exporting  industries  are 
considerably  above  the  average  of  all  secondary 
manufacturing  industries.  The  above  average  con¬ 
sumption  of  other  petroleum  products  by  the  exporters 
is  explained  by  the  heavy  consumption  of  two  industries. 
These  are  Plastic  Resin  Mfg.  and  Oth.  Chemical  Ind . , 
with  4.2$  and  6.2$  worth,  respectively,  required  per 
unit  of  final  demand.  The  large  usage  of  electric 
power  by  the  secondary  manufacturing  exporting 
industries  is  explained  by  four  heavy  users.  These 
are  Oth.  Non-Metal  Min.  (7.9$),  Oth.  Chemical  Ind. 

(5.7$),  Aluminum  Roll  Cast  (4.1$),  and  Copper  Roll 
Cast  (4.1$). 

fl 

It  should  be  remembered  that  much  of  Canada's  coal 
needs  in  1961  were  supplied  by  imports  from  the  U.S.A. 
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POLICY  APPLICATIONS 


The  Price  of  Energy  and 

Foreign  Trade 

Having  isolated  the  exporting,  export  per¬ 
forming  and  import-competing  industries,  and 
knowing  their  'direct  plus  indirect*  requirements 
of  the  various  energy  resources,  it  is  possible  to 
predict  some  of  the  impact  on  trade  of  changed  energy 
prices.  Once  it  has  been  determined  to  what  extent 
a  given  policy  would  influence  energy  prices,  the 
change  in  price  of  any  of  the  industries  caused  by 
this  change  could  be  calculated  using  the  methods 
described  earlier.  This  price  change  could  then  be 
applied  to  an  export  price  elasticity  for  the  industry 
in  question  to  determine  the  effect  on  export  demand 
for  this  industry.  There  is,  however,  one  major 
stumbling-block  to  using  this  approach.  That  is, 
export  price  elasticities  of  demand  for  Canadian 
products  have  not  been  estimated  for  a  set  of  indus¬ 
tries  comparable  to  the  110  used  in  this  paper.  Those 
elasticities  which  have  been  calculated •  vary  so  much 


7 

L.  H.  Officer  and  J.  R.  Hurtubise,  "Price  Effects 
of  the  Kennedy  Round  on  Canadian  Trade,"  Review  of  Eco¬ 
nomics  and  Statistics.  (August,  1969). 

D.  D.  Demotasi,  "The  Elasticity  of  Demand  for 
Canadian  Exports  to  the  U.S.,"  Canadian  Journal  of 
Economics .  Vol.  II,  (August,  1969),  416-426. 
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between  themselves  as  to  make  their  application  to  a 
problem  dubious. 

However,  at  a  less  rigorous  level,  some  inter¬ 
esting  conclusions  can  be  drawn  from  the  data  shown 
above.  For  example,  it  is  possible  to  conclude,  on  the 
basis  of  this  chapter,  that  increasing  the  price  of 
electric  power  would  have  more  effect  on  our  export 
performance  in  the  secondary  manufacturing  sector 
than  would  raising  the  price  of  any  other  energy 
resource.  However,  raising  the  price  of  any  energy 
resource,  as  can  be  seen  from  the  above,  would  have 
a  differential  impact  on  the  various  sectors.  Thus, 
drawing  conclusions  with  regard  to  the  overall  trade 
situation  without  explicitly  taking  into  account  the 
relative  size  of  these  sectors,  and  the  different 
factors  which  affect  their  demand,  would  be  a  very 
dangerous  procedure. 

Projecting  the  Energy  Requirements 

£or.  Trade 

Through  a  direct  application  of  the  data  set 
out  in  the  Appendix,  Table  A. 2,  it  would  be  possible 
to  calculate  the  ’direct  plus  indirect'  domestic 
energy  resource  requirements  of  a  given  pattern  of 

O 

Canadian  foreign  trade.  The  procedure  would  involve 

^Similar  methods  were  used  to  estimate  the 
resource  requirements  of  U.  S.  foreign  trade.  See: 

University  of  Maryland,  Bureau  of  Business  and 
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multiplying  the  energy  requirements  matrix  separately 
by  a  vector  of  exports  and  a  vector  of  competing 
imports,  for  those  industries  whose  goods  are  traded. 
The  result  of  this  operation  would  be  two  (8x1) 
vectors  giving,  respectively,  the  ’direct  plus  indirect’ 
energy  requirements  of  exports  and  import  competing 
production  for  each  of  the  eight  energy  resources. 

By  subtracting  the  latter  from  the  former,  a  vector 
would  emerge  giving  the  domestic  production  require¬ 
ments  of  each  of  the  eight  energy  resources.  Using 
this  technique,  various  projections  for  exports  and 
imports  could  be  used  and  their  implications  for 
domestic  energy  production  easily  calculated. 


Economic  Research,  Some  Relationships  Between  U.  5.  Con¬ 
sumption  and  Natural  Resources  1899.  1947.  1954 r  (College 
Park,  1958);  see  also  Jaroslav  Vanek,  The  Natural 
Resource  Content  of  United  States  Foreign  Trade .  1870- 
1955 .  (Cambridge,  Mass,:  The  M.I.T.  Press,  1963), 

Chapter  7,  Appendix. 


Chapter  VI 


SUMMARY  AND  CONCLUSIONS 

The  purpose  of  this  thesis  was  to  provide 
an  accurate  measure  of  the  importance  of  energy 
inputs  as  a  proportion  of  the  total  inputs  going 
into  Canadian  primary  and  manufacturing  industries. 
Using  the  technique  of  Input-Output  analysis,  an 
energy  requirements  matrix  was  constructed.  On  the 
basis  of  this,  the  direct  and  indirect  energy  in¬ 
tensities  of  these  industries  were  analyzed. 

In  Chapter  III,  one  hundred  and  ten  industries 
were  examined.  It  was  found  that  'direct  plus  indirect’ 
energy  consumption  was  an  important  cost  element  in 
many  of  these  industries.  Also,  some  industries, 
which  were  not  large  direct  users  of  energy,  emerged 
as  energy  intensive  when  indirect  consumption  was 
included  in  the  measure  of  energy  use.  This  proved 
that  indirect  use  of  energy  is  important  in  total 
use,  and  that  ignoring  it  leads  to  an  underestimation 
of  the  number  of  energy  intensive  industries  in  the 
economy. 

Significant  variations  were  shown  to  exist 
between  industries  with  respect  to  their  total  re¬ 
quirements  of  energy.  Some  of  these  differences  were 
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caused  by  variations  in  the  direct  inputs  of  energy 
used ,  and  some  by  differences  in  the  indirect  energy 
requirements.  Some  of  the  variations  in  indirect  use 
were  explained  by  the  differential  backward  linkages 
of  the  industries  concerned  to  the  directly  energy 
intensive  industries. 

In  Chapter  IV  it  was  shown  how  the  energy 
requirement  coefficients  calculated  in  this  paper  can 
be  used  to  predict  the  changes  in  output  prices  that 
would  be  brought  about  by  altering  the  price  of  any 
of  the  energy  inputs.  The  assumptions  implicit  in 
this  type  of  analysis  were  described  and  alternative 
models  of  price  determination  were  suggested. 

In  Chapter  V  the  energy  content  of  Canadian 
foreign  trade  was  examined.  It  was  shown  that  the 
exporting  industries  were,  on  average,  more  energy 
intensive  than  the  import-competing  ones.  Furthermore, 
the  relative  importance  of  the  different  energy  sources 
as  inputs  into  the  trading  industries  was  examined. 

It  was  then  explained  how  such  information  could  be 
used  to  predict  the  effect  on  Canadian  foreign  trade 
of  changing  the  price  of  any  of  these  resources. 

Finally  in  this  chapter,  it  was  shown  how  the  domestic 
production  requirements  for  each  of  the  eight  energy 
resources  could  be  calculated  for  any  given  pattern 
of  international  trade. 

By  far  the  most  important  limitation  for  this 


J  .  iq  11  5*JO  !i  eopn»  ::  .n-  ^  b  BO  00 


76 


paper  was  that  Input-Output  data  was  not  available 
for  any  year  after  1961.  As  a  result,  the  changes 
in  the  energy  consumption  pattern  which  have  taken 
place  since  that  date  could  not  be  quantified. 

However,  Statistics  Canada  is  at  present  compiling 
Input-Output  tables  that  would  cover  the  years  from 
1961  to  1967.  When  this  data  is  released,  the 
techniques  outlined  in  Chapter  II  could  easily  be 
applied  to  it.  This  would  then  provide  a  more  accurate 
picture  of  the  present  energy  consumption  pattern  in 
the  Canadian  economy.  If  energy  requirements  data  are 
calculated  for  1967  they  could  then  be  compared  with  the 
data  in  this  paper,  to  provide  a  picture  of  the  way 
in  which  'direct  plus  indirect'  energy  requirement 
coefficients  change  over  time.  Such  an  analysis  would 
be  very  valuable  in  making  long  run  energy  consumption 
projections  more  accurate.  However,  given  that  more 
recent  data  are  not  available,  the  data  set  out  in  this 
paper  provide  the  best  approximation  of  the  pattern 
of  'direct  plus  indirect'  energy  use  in  the  Canadian 
economy  possible  at  this  time. 
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APPENDIX 


The  tables  in  this  section  contain  the  bulk 
of  the  data  used  in  this  thesis.  The  way  in  which 
these  tables  were  derived  is  explained  in  Chapter  2. 

The  columns  in  each  of  these  tables  are 
numbered  from  1  to  110.  These  numbers  refer  to  the 
industries  contained  in  the  Dominion  Bureau  of  Statistics 
listing  of  110  Input-Output  industries. ^  These 
industries  together  with  their  corresponding  numbers 
are  listed  below. 


110  Industry  Aggregation 
Number 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


Input-Output 

110  Industry  Aggregation 

Title 


Agriculture 
Forestry 
Fishing,  Hunting 
Iron  Mines 
Base  Metal  Mines 
Uranium  Mines 
Other  Metal  Mines 
Coal  Mines 
Petroleum,  Nat.  Gas 
Asbestos  Mines 

Ao  Non-Metal  Mines 
Meat  Processors 
Poultry  Processors 
Dairy  Factories 
Process  Cheese 
Fish  Prod.  Ind. 


Structure 

186. 


'Dominion  Bureau  of  Statistics, 
of  the  Canadian  Economy,.  1961 


The  Input -Out put 
Vol .  I,  pp.  182- 
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110  Industry 

Input-Output 

Aggregation 

110  Industry  Aggregation 

Number 

Title 

17 

Fruit  and  Veg.  Canners 

18 

Feed  Mills 

19 

Flour  Mills 

20 

Breakfast  Cereal 

21 

Biscuit  Mfg. 

22 

Bakeries 

23 

Confectionery  Mfg. 

24 

Sugar  Refineries 

25 

Veg.  Oil  Mills 

Misc.  Food  Ind. 

26 

27 

Soft  Drink  Mfg. 

28 

Distilleries 

29 

Brewing  and  Winery 

30 

Leaf  Tobacco  Proc. 

31 

Tobacco  Prod.  Mfg. 

32 

Rubber  E’ootwear 

33 

Tire  and  Tube  Mfg. 

34 

0th.  Rubber  Ind. 

35 

Leather  Tanneries 

36 

Shoe  Factories 

37 

Glove  and  Luggage 

38 

Cotton  Yarn  and  Cloth 

39 

Wool  Yarn  and  Cloth 

40 

Syn.  Textile  Mills 

41 

Carpet ,  Mat ,  Rug 

42 

Linol.  and  coated  Fab. 

43 

Textile  Bag  and  Canvas 

44 

Oth.  Textile  Ind. 

45 

Hosiery  Mills 

46 

Other  Knitting 

47 

Clothing  Ind. 

48 

Saw  Mills 

49 

Veneer  and  Plywood 

50 

Sash  and  Door  and  Planing 

51 

Other  Wood  Ind. 

52 

House  Furniture 

53 

Oth.  Furniture  Ind. 

54 

Pulp  and  Paper  Mills 

50 

Asphalt  Roofing 

56 

Paper  Box  and  Bag  Mfg. 

57 

Ao  Paper  Convert. 

58 

Print  -  Publishing 

59 

Iron  and  Steel  Mills 

60 

Steel  Pipe  and  Tube 

■ 

- 


■ 
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110  Industry  Input-Output 

Aggregation  110  Industry  Aggregation 

Number  Title 


61 

Iron  Founderies 

62 

Smelting  and  Refining 

63 

Alum.  Roll.  Cast. 

64 

Copper  Roll.  Cast. 

65 

Metal  Roll.  Cast. 

66 

Boiler  and  Plate  Works 

67 

Fabr.  Struct.  Metal 

68 

Orn.  and  Arch.  Metal 

69 

Metal  Stamping 

70 

Wire  and  Prod.  Mfg. 

71 

Hardware  and  Cutlery 

72 

Other  Metal  Ind. 

73 

Ao.  Machinery  Mfg. 

74 

Refrig,  and  Store  Machinery 

75 

Aircraft  and  Parts 

76 

Motor  Vehicle  Mfg. 

77 

Vehicle  Parts  Mfg. 

78 

Oth.  Transport  Eg,  Ind. 

79 

Electrical  Appliance 

80 

Com.  Eq.  and  Wire  Mfg. 

81 

Electrical  Indust.  Eq. 

82 

Oth.  Electrical  Prod.  Ind. 

83 

Cement  and  Lime  Mfg. 

84 

Concrete  and  Gypsum 

85 

Clay,  Stone  and  Refrac. 

86 

Glass  and  Prod.  Mfg. 

87 

Oth.  Non-Metal  Minerals 

88 

Petroleum  Products  Ind. 

89 

Explosives  and  Ammunition 

90 

Mixed  Fertilizer 

91 

Plastic  Resin  Mfg. 

92 

Pharmaceutical 

93 

Paint  and  Varnish 

94 

Soaps  and  Cleaners 

95 

Toilet  Prep.  Mfg. 

96 

Oth.  Chemicals  Ind. 

97 

Misc.  Mfg.  Ind. 

98 

Construction 

99 

Wh.  and  Retail  Trade 

100 

Transport  and  Storage 

- 
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110  Industry 
Aggregation 

Number 

Input-Output 

110  Industry  Aggregation 

Title 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

Communications 

Utilities 

Fin.  Insur.  Rl.Est. 
Health  and  Education 
Business  Services 

Hotel,  Restaurant 

Oth.  Services 

Office  Supplies 

Advt.  and  Travel 
Operating  Suppl. 

The  'Direct  and  Indirect’  Energy  Requirements  of 
110  Industries  per  $  of  Final  Demand 
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In  Table  A. 2  the  row  numbers  refer  to  the 


energy  resources.  These  resources  and  their 
corresponding  numbers  are  listed  below. 


Number 


Resource  Name 


1 

2 

3 

4 

5 

6 
7 


Coal 

Crude  Mineral  Oil 
Natural  Gas 
Gasoline 
Fuel  Oil 

Lube.  Oil  and  Grease 
Other  Petroleum  Products 


8 


Electric  Powe 


- 


Table  A*. 2 

The  'Direct  and  Indirect'  Requirements  for  the  Eight  Energy  Resources 

by  the  110  Industries  per  $  of  Final  Demand 
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